WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

A61K 37/92, 37/54, 48/00, C07K 
C12N 15/57 



Al 



(11) Interrational Publication Number: WO 95/00160 

(43) International Publication Date: 5 January 1995 (05.0155) 



(21) International Application Number: PCT/US94A)6630 

(22) International Filing Date: 10 June 1994 (10.06.94) 



(30) Priority Data: 
08/080350 



24 June 1993 (24.06.93) 



US 



(71) Applicant: THE GENERAL HOSPITAL CORPORATION 
[US/US]; ftuit Street. Boston, MA 02114 (US). 

(72) Inventors: YUAN, Junying; 22 Faidee Road, Newton, MA 
02168 (US). MIURA, Masayuki; 11 Orchard Road, Brook- 
tine, MA 02146 (US). 

(74) Agents: GOLDSTEIN, Jorge, A. et aL; Sterne, Kessler, 
Goldstein & Fox, Suite 600, 1 100 New York Avenue, N.W., 
Washington, DC 20005-3934 (US). 



(81) Designated States: AU, CA, JP t European patent (AT, BE, 
CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, FT, 
SE). 



Published 

With international search report 



(54)TWe: PROGRAMMED CELL DEATH GENES AND PROTEINS 
(57) Abstract 



This invention relates to genes involved in regulating programmed cell death, the proteins encoded by such genes and methods for 
controlling programmed cell death by regulating the activity of the cell death gene products. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications oxter the PCT. 

AT Anuria GB tt*td Hnjdcm MR Haaritmia 



AO 


Australia 


GB 


Gawgta 


MW 


Malawi 


BB 




GN 




NB 


Major 


BE 


Bdgiufla 


GR 


Gftccc 


NL 


Ndfaprtmrti 


BF 

BG 


IWBllMI rUO 

Bulgaria 


HU 
IB 


Hnogvy 
belaid 


NO 
NZ 


Norway 
New Zealand 


BJ 


Benin 


rr 




PL 


Poland 


BR 


tail 


JP 




PT 


Portugal 


BY 


Bdra 


KB 


Kenya 


RO 




CA 


Canada 


KG 




RD 


Pnwlan FodennoQ 


CF 


Central Afdcan Republic 


KF 


Democratic fftopte't Rcpubnc 


SD 


Sudan 


CG 


Congo 




of Kan 


SB 


Sweden 


CH 


Swtofrlmrt 


KR 




SI 


StovaAM 


a 


C8te<f[whe 


KZ 




SK 


Stovakta 


CM 


Cmdoooo 


U 




SN 


Senegal 


CN 


Ctn&a 


LK 


Sri Lanka 


TD 




CS 




LO 


Laxccoboarg 


TG 


Togo 


CZ 


Czccto Republic 


LV 


Latvia 


TJ 




DB 


Gennany 


MC 


Monaco 


XT 


"tenidad tod Tobago 


DK 


0cnnvk 


MD 


RrpdbBcofMoUova 


DA 


Uknte 


ES 




MG 




CS 


Untied States of Amc 


n 






MA 


OZ 


Uzbekistan. 


FR 


Rwce 


MN 


MoojDfia 


VN 


Viet Nam 



GA Gaboa 



WO 95/00160 



PCT/US94/06630 



PROGRAMMED CELL DEATH GENES AND PROTEINS 
Background of the Invention 

Statement as to Rights to Inventions Made Under 
Federally-Sponsored Research and Development 

Part of the wort: performed during development of this invention 
utilized U.S. Government funds. The U.S. Government has certain rights in 
this invention. 

Cross-Reference to Related Applications 

This application is a continuation-in-part application of U.S. 
Application No. 08/080,580, filed June 24, .1993. 

Meld of the Invention 

The invention is in the field of molecular biology as related to the 
control of programmed cell death. 

Description of the Background Art 

Cell death occurs as a normal aspect of animal development as well as 
in tissue homeostasis and aging (Glucksmann, A., BioL Rev. Cambridge 
Philos. Soc. 26:59-86 (1950); Ellis etal., Dev. 7/2:591-603 (1991)). 
Naturally occurring cell death acts to regulate cell number, to facilitate 
morphogenesis, to remove harmful or otherwise abnormal cells and to 
eliminate cells that have already performed their function. Such regulated cell 
death is achieved through a cell-endogenous mechanism of suicide, termed 
programmed cell death or apoptosis (Wyllie, A. H., in Cell Death in Biology 
and Pathology , Bowen and Lockshin, eds., Chapman and Hall (1981), pp. 
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9-34). Programmed cell death or apoptosis occurs when a cell activates this 
internally encoded suicide program as a result of either internal or external 
signals. The morphological characteristics of apoptosis include plasma 
membrane blebbing, condensation of nucleoplasm and cytoplasm and 
degradation of chromosomal DNA at inter-nucleosomal intervals. (Wyllie, A. 
H., in Cell Death in Biology and Pathology, Bowen and Lockshin, eds., 
Chapman and Hall (1981), pp. 9-34). In many cases, gene expression appears 
to be required for programmed cell death, since death can be prevented by 
inhibitors of RNA or protein synthesis (Cohen et al., J. Immunol 52:38-42 
(1984); Stanisic et al., Invest. Urol 76:19-22 (1978); Martin et al., J. Cell 
Biol 706:829-844 (1988)). 

The genetic control of programmed cell death has been well-elucidated 
by the work on programmed cell death in the nematode C. elegans. 
Programmed cell death is characteristic and widespread during C. elegans 
development Of the 1090 somatic cells formed during the development of the 
hermaphrodite, 131 undergo programmed cell death. When observed with 
Nomarski microscopy, the morphological changes of these dying cells follow 
a characteristic sequence. (Sulston era/., Dev. Biol 32:110-156 (1977); 
Sulston et al, Dev. Biol 700:64-119 (1983)). Fourteen genes have been 
identified that function in different steps of the genetic pathway of 
programmed cell death in this nematode (Hedgecock et al., Science 220: 1277- 
1280 (1983); Ellis et al., CeU 44:817-829 (1986); Ellis et al., Dev. 772:591- 
603 (1991); Ellis et aL p Genetics 772:591-603 (1991b); Hengartner et al., 
Nature 356:494-499 (1992); Ellis et al., Dev. 772:591-603 (1991)). Two of 
these genes, ced-3 and ced-4, play essential roles in either the initiation or 
execution of the cell death program. Recessive mutations in these genes 
prevent almost all of the cell deaths that normally occur during C. elegans 
development Additional support for the view that ced-3 and ced-4 cause cell 
death comes from the genetic analysis of mosaics (Yuan et al., Dev. Biol 
735:33-41 (1990)). The ced-4 gene encodes a novel protein that is expressed 



primarily during embryogenesis, the period during which most programmed 
cell deaths occur (Yuan et al., Dev. 776:309-320 (1992)). 

A gain-of-function mutation in ced-9 prevents the normal programmed 
cell death, while mutations that inactivate ced-9 are lethal, suggesting that 
ced-9 may act by suppressing programmed cell death genes in cells that 
normally do not undergo programmed cell death (Hengartner, ML, etal. y 
Nature 356:494-499 (1992)). The ced-9 gene encodes a protein product that 
shares sequence similarity with the mammalian proto-oncogene and cell death 
suppressor bcl-2 (Hengartner, M., et a/., Cell 76:665-676 (1994)). The 
lethality of ced-9 loss-of-function mutations can be suppressed by mutations 
in ced-3 and ced-4, indicating that ced-9 acts by suppressing the activity of 
ced-3 and ced-4. Genetic mosaic analyses indicate that ced-3 and ced-4 likely 
act in a cell-autonomous fashion within dying cells, suggesting that they might 
be cytotoxic proteins and/or control certain cytotoxic proteins in the process 
of programmed cell death (Yuan, J., et a/., Dev. Bio. 738:33-41 (1990)). The 
549 amino acid sequence of the ced-4 protein, deduced from cDNA and 
genomic clones, contain two regions that are similar to the calcium-binding 
domain known as the EF-hand (Kretsinger, 1987); however, it is still not clear 
at present whether calcium plays a role in regulating ced-4 or programmed cell 
death in C elegans. 



Summary of the Invention 



In the present invention, the ced-3 gene has been cloned and sequenced 
and the amino acid sequence of the protein encoded by this gene is disclosed. 
Structural analysis of the ced-3 gene revealed that it is similar to the enzyme 
interleukin-10 converting enzyme ("ICE") and that overexpression of the 
murine interleukin-10 converting enzyme ("mlCE") causes programmed cell 
death in vertebrate cells. Based upon these results, a novel method for 
controlling programmed cell death in vertebrates by regulating the activity of 
ICE is claimed. 



The amino acid sequence of the ced-3 protein was also found to be 
similar to another murine protein, nedd-2, which is detected during early 
embryonic brain development, a period when many cells die. The results 
suggest that ced-3, mICE and nedd-2 are members of a gene family which 
function to cause programmed cell death. 

A new cell death gene, mICE2, has been discovered which appears to 
be in the same family as mICE y and nedd-2. mICE2 is distinguished 
from other previously identified cell death genes in that it is preferentially 
expressed in the thymus and placental cells of vertebrates. Thus, the invention 
is also directed to a newly discovered gene, mICE2 y which is preferentially 
expressed in thymus and placental cells and which encodes a protein causing 
programmed cell death. 

A comparison of the nucleotide sequences of ced-3 , mICE y human ICE, 
nedd-2 and mICE2 indicates that they are part of a gene family whose 
members all promote programmed cell death. The identification of this family 
facilitated the isolation of die newly discovered cell death gene Ice-ced 3 
homolog (Ich-1). Ich-1 is homologous with the other cell death genes 
described above and particularly with nedd2. Based upon its structure and the 
presence of a QACRG sequence characteristic of the active center of cell death 
genes, Ich-1 was identified as a new member of the ced-3fICE family. Thus, 
the present invention is directed to both the Ich-1 gene sequence and the Ich-1 
protein. Also encompassed are vectors expressing Ich-1 and host cells 
transformed with such vectors. Alternative splicing results in two distinct 
lch-1 mRNA species. Thus, the invention also encompasses these species, 
proteins produced from them, vectors containing and expressing the genes, and 
the uses described herein. 

The inventors have also identified a new member of the ICE/ced-3 
family, Ice-4. lce-4 has at least two alternative splicing products. A full 
length cDNA of one of them from a mouse thymus cDNA library has been 
identified. It encodes a protein of 418 amino acids that is 38% identical with 



murine ICE, 42% identical with murine Ice-2 y 25% with murine Ich-1, and 
24% identical with C elegans ced-3. 

The invention is thus directed to genomic or cDNA nucleic acids 
having genetic sequences which encode ced-3 ^ mICE2, Ich-1, and Ice-4. The 
invention also provides for vectors and expression vectors containing such 
genetic sequences, the host cells transformed with such vectors and expression 
vectors, the recombinant nucleic acid or proteins made in such host/vectors 
systems and the functional derivatives of these recombinant proteins. The use 
of the isolated genes or proteins for the purpose promoting cell death is also 
part of the invention. 

The invention is also directed to methods for controlling the 
programmed death of vertebrate cells by regulating the activity of interleukin- 
1(3 converting enzyme, w /CE. n Such regulation may take the form of 
inhibiting the enzyme's activity, e.g. through the use of specific antiproteases 
such as crmA y in order to prevent cell death. In this way, it may be possible 
to develop cell lines which remain viable in culture for an extended period of 
time or indefinitely. Certain cells can only be maintained in culture if they are 
grown in the presence of growth factors. By blocking cell death, it may be 
possible to make such cells growth factor independent. Alternatively, ICE 
activity may be increased in order to promote cell death. Such increased 
activity may be used in cancer cells to antagonize the effect of oncogenes 
such as bcl-2. 

Brief Description of the Figures 

Figure 1 and 1A: 
Genetic and Physical Maps of the ced-3 Region on Chromosome IV 

Figure 1 shows the genetic map of C. elegans in the region near ced-3 
with die cosmid clones representing this region depicted below the map. 
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nP33, nP34, nP35 t nP36 9 and nP37 are restriction fragment length 
polymorphisms (RFLP) between Bristol and Bergerac wild type C elegans 
strains. C43C9, W07H6 and C48D1 are three cosmid clones tested for rescue 
of the ced phenotype of ced-3(n7J7) animals. The ability of each cosmid 
clone to rescue ced-3 mutants and the fraction of independently obtained 
transgenic lines that were rescued are indicated on the right of the figure (+ , 
rescue; no rescue; see text for data). The results indicate that ced-3 is 
contained in the cosmid C48D1. 

Figure 1A is a restriction map of C48D1 subclones. C48D1 was 
digested with BamUl and self-ligated to generate subclone C48D1-28. 
C48D1-43, pJ40 and pJ107 were generated by partial digesting C48D1-28 with 
Bgllh pJ7.5 and pJ7.4 were generated by IScoIII deletion of pJ107. These 
subclones were assayed for rescue of the ced phenotype of ced-3(n717) 
animals (+, rescue; no rescue, -/+, weak rescue). The numbers in 
parentheses indicate the fraction of independently obtained transgenic lines that 
were rescued. The smallest fragment that fully rescued the ced-3 mutant 
phenotype was the 7.5 kb pJ7.5 subclone. 

Figure 2, 2A(i)-2A(v), 2B and 2C: 
Genomic Organization, Nucleotide Sequence, and Deduced Amino Add 

Sequence of ced-3 

Figure 2 shows the genomic sequence of the ced-3 region, as obtained 
from plasmid pJ107. The deduced amino acid sequence of the ced-3 protein 
is based on the DNA sequence of ced-3 cDNA pJ87 and upon other 
experiments described in the text and in Experimental Procedures. The 5' end 
of pJ87 contains 25 bp of poly-A/T sequence (not shown), which is probably 
a cloning artifact since it is not present in the genomic sequence. The likely 
start site of translation is marked with an arrowhead. The SL1 splice acceptor 
site of the ced-3 transcript is boxed. The positions of 12 ced-3 mutations are 
indicated. Repetitive elements are indicated as arrows above the relevant 



sequences. Numbers on the left indicate nucleotide positions, beginning with 
the start of pJ107. Numbers below the amino acid sequence indicate codon 
positions. Five types of imperfect repeats were found: repeat 1, also found 
in/em-/ (Spence ei al., Cell 60:981-990 (1990)) and hlh-1 (Krause et al., Cell 
65:907-919 (1990)); repeat 2, novel; repeat 3, also found in lin-12 and fem-1; 
repeat 4, also found in Iin-12\ and repeat 5, novel. Numbers on the sides of 
the figure indicate nucleotide positions, beginning with the start of pJ107. 
Numbers under the amino acid sequence indicate codon positions. 

Figure 2A(i) - Figure 2A(iv) contain comparisons of the repetitive 
elements in ced-3 with the repetitive elements in the genes ced-3, fem-l 9 hlh-1 , 
lin-12, glp-1, and the cosmids B0303 and ZK643 (see text for references). In 
the case of inverted repeats, each arm of a repeat ("for" or "rev" for 
"forward' 1 or "reverse", respectively) was compared to both its partner and to 
individual arms of the other repeats. 2A(i): Repeat 1; 2A(ii): Repeat 2; 
2A(iii): Repeat 3; 2A(iv): Repeat 4; and 2A(v): Repeat 5. The different ced-3 
sequences which appear in the comparisons are different repeats of the same 
repetitive element. The numbers "la", "lb" etc. are different repeats of the 
same class of repetitive element. 

Figure 2B shows the locations of die introns (lines) and exons (open 
boxes) of the ced-3 gene as well as the positions of 12 ced-3 mutations 
analyzed. The serine-rich region, the trans-spliced leader (SL1), the possible 
start of translation (ATG) and polyadenlyation (AAA) site are also indicated. 

Figure 2C shows die cDNA sequence and deduced amino acid sequence 
of ced-3 as obtained from plasmid pJ87. 

Figure 3 and 3A: 
Structure of the ced-3 Protein 

Figure 3 shows a comparison of structural features of ced-3 with those 
of the human interleukin-10 converting enzyme (ICE) gene. The predicted 
proteins corresponding to the ICE proenzyme and ced-3 are represented. The 
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active site in ICE and the predicted active site in ced-3 are indicated by the 
black rectangles. The four known cleavage sites in ICE flanking the processed 
ICE subunits (p24, which was detected in low quantities when ICE was 
purified (Thornberry et a/., 1992), p20, and plO) and two conserved 

5 presumptive cleavage sites in the ced-3 protein are indicated with solid lines 

and linked with dotted lines. Five other potential cleavage sites in the ced-3 
protein are indicated with dashed lines. The positions of the aspartate (D) 
residues at potential cleavage sites are indicated below each diagram. 

Figure 3A contains a comparison of the amino acid sequences of the 

10 ced-3 proteins from C elegans, C briggsae and C. vulgaris and the human 

and mouse ICE and mouse nedd-2 proteins. Amino acids are numbered to the 
right of each protein. Dashes indicate gaps in the sequence made to allow 
optimal alignment. Residues that are conserved among more than half of the 
proteins are boxed. Missense ced-3 mutations are indicated above the 

IS comparison blocks showing the residue in the mutant ced-3 protein and the 

allele name. Asterisks indicate potential aspartate self-cleavage sites in the 
ced-3 protein. Circles indicate known aspartate self-cleavage sites in human 
ICE. Residues indicated in boldface correspond to the highly conserved 
pentapeptide containing the active cysteine in ICE. 



20 Figure 4: 

Construction of Expression Cassettes of mICEAacZ and 
ced-3-lacZ Fusion Genes 



Figure 4 shows several expression cassettes used in studying the 
cellular effects of ICE and ced-3 gene expression. The cassettes are as 
25 follows: p£actM10Z contains intact mICE fused to the E. coli lacZ gene 

(mICE-lacZ). pjSactMUZ contains the P20 and PlO subunits of mICE fused 
to the E. coU lacZ gene (P20/P10-facZ). p/3actM19Z contains the P20 subunit 
of mICE fused to the E. coli lacZ gene (P20-focZ). pj8actM12Z contains the 
PlO subunit of mICE fused to the £. coli lacZ gene (PlO-tocZ). pj3actced38Z 
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contains the C. elegans ced-3 gene fused to the lacZ gene (ced-3-lacZ). pJ485 
and p/3actced37Z contain a Gly to Ser mutation at the active domain 
pentapeptide "QACRG" in mICE and ced-3 respectively. pjSactM 17Z contains 
a Cys to Gly mutation at the active domain pentapeptide "QACRG" in mICE. 
5 pactjSgal' is a control plasmid (Maekawa et al. y Oncogene 6:627-632 (1991)). 

All plasmids use the 0-actin promoter. 

Figure S: 

Genetic Pathways of Programmed Cell Death in the Nematode C. elegans 

and in Vertebrates 

10 In vertebrates, bcl-2 blocks the activity of ICE thereby preventing 

programmed cell death. Enzymatically active ICE causes vertebrate cell 
death. In C. elegans, ced-9 blocks the action of ced-3lced-4. Active ced-3 
together with active ced-4 causes cell death. 

Figure 6: 

IS mICE2 cDNA Sequence and Deduced Amino Acid Sequence 

Figure 6 shows the nucleotide sequence of the mICE2 cDNA sequence 
and the amino acid sequence deduced therefrom. 

Figure 7 and 7 A: 
mICE2 Amino Acid Sequence 



20 



Figures 7 and 7A contain a comparison of the amino acid sequences of 
murine interleukin-lj8 converting enzyme (mICEl), human interleukin-10 
converting enzyme (hICE), mICE2 and ced-3. 
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Figure 8: 

Ich-1 cDNA Sequence and Deduced Amino Acid Sequence 

Figure 8 shows the nucleotide sequence of the Ich-1 cDNA sequence 
and the amino acid sequence deduced therefrom. 

Figure 9: 

Potential QACRG Coding Region in the Mouse neddl cDNA 

The reading frame proposed by Kumar et al. (Biochem. & Biophys. 
Res. Comm. 785:1155-1161 (1992)) is b. In reading frame a, a potential 
QACRG coding region is underlined. 

Figure 10-10C: 
Comparison of Mouse neddl and Ich-1 cDNA Sequences 

Figure 10- 10C contains a comparison of the mouse neddl cDNA 
sequence (top strand) and the Ich-1 cDNA sequence (bottom strand). The 
coding region for neddl starts at basepair 1 177. 

Figure 11 and 11 A: 
Comparison of the Amino Add Sequences of ced-3, ICE and Ich-1 

Figure 1 1 contains a comparison of the amino acid sequences of ced-3 
and Ich-1. There is a 52% similarity between the sequences and a 28% 
identity. 

Figure 1 1 A contains a comparison of the amino acid sequences of ICE 
and Ich-1. There is a 52% similarity between the sequences and a 27% 
identity. 
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Figure 12A: 

The cDNA Sequence of Ich-1 L and the Deduced Amino Acid 
Sequence of Ich-1 L Protein Product 



The putative active domain is underlined. 



Figure 12B: 

The cDNA Sequence of Ich-l s and the Deduced Amino Acid 
Sequence of Ich-l s Protein Product 



The intron sequence is underlined. 



Figure 13: 

The Schematic Diagram of Ich-1 L and Ich-l s 



Figure 14: 

A comparison of the Ich-1 protein sequence with the mouse nedd-2 
protein, the human interleukin-1 /3-converting enzyme (ICE) protein and C. 
elegans ced-3 protein. Amino acids are numbered to the right of each 
sequence. Any residues in nedd-2 y ice and ced-3 that are identical with Ich-1 
protein are highlighted. 

Figure IS: 

Stable Expression of Ich-1 s Prevents Rat-1 Cells 
Induced by Serum Removal 

Stable transfectants of Rat-1 cells expressing bcl-2^ crmA or Ich-l s 
were prepared as described in Experimental Procedures. Independent clones 
of both Ich-1 s positive and Ich-l s negative were used. At time 0, 
exponentially growing cells were washed with serum-DMEM and dead cells 
were counted over time by trypan blue staining. 
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Figure 16: 

The cDNA Sequence and Putative lce-4 Protein Sequence 
The putative first Met is marked with a dot. 

Figure 17: 

Comparison of Amino Acid Sequences of lce-4 with ICE, 
Ice-2, Ich-1 and ced-3 

Definitions 

In the description that follows, a number of terms used in recombinant 
DNA (rDN A) technology or in the research area of programmed cell death are 
extensively utilized. In order to provide a clear and consistent understanding 
of the specification and claims, including the scope to be given such terms, the 
following definitions are provided. 

Gene. A DNA sequence containing a template for a RNA polymerase. 
The RNA transcribed from a gene may or may not code for a protein. RNA 
that codes for a protein is termed messenger RNA (mRNA). 

A w complementary DNA" or "cDNA" gene includes recombinant genes 
synthesized by reverse transcription of mRNA and from which intervening 
sequences (introns) have been removed. 

Cloning vector. A plasmid or phage DNA or other DNA sequence 
which is able to replicate autonomously in a host cell, and which is 
characterized by one or a small number of endonuclease recognition sites at 
which such DNA sequences may be cut in a determinable fashion without loss 
of an essential biological function of the vehicle, and into which DNA may be 
spliced in order to bring about its replication and cloning. The cloning vector 
may further contain a marker suitable for use in the identification of cells 
transformed with the cloning vehicle. Markers, for example, are tetracycline 
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resistance or ampicillin resistance. The term "cloning vehicle" is sometimes 
used for "cloning vector. " 

Expression vector. A vector similar to a cloning vector but which is 
capable of expressing a gene which has been cloned into it, after 
transformation into a host. The cloned gene is usually placed under the 
control of (i.e., operably linked to) certain control sequences such as promoter 
sequences. Control sequences will vary depending on whether the vector is 
designed to express the operably linked gene in a prokaryotic or eukaryotic 
host and may additionally contain transcriptional elements such as enhancer 
elements, termination sequences, tissue-specificity elements, and/or 
translational initiation and termination sites. 

Programmed cell death. The process in which cell death is genetically 
programmed. Programmed cell death allows organisms to get rid of cells that 
have served a developmental purpose but which are no longer beneficial. 

Functional Derivative. A "functional derivative" of mICE2, Ich-1 
(Ich-1 L and Ich-1 £ 9 or Ice-4 is a protein which possesses a biological activity 
that is substantially similar to the biological activity of the non-recombinant. 
A functional derivative of may or may not contain post-translational 

modifications such as covalently linked carbohydrate, depending on the 

* 

necessity of such modifications for the performance of a specific function. 
The term "functional derivative" is intended to include the "fragments," 
"variants," "analogues," or "chemical derivatives" of a molecule. 

Fragment* A "fragment" is meant to refer to any variant of the 
molecule, such as the peptide core, or a variant of the peptide core. 
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Detailed Description of the Preferred Embodiments 

Description 

The present invention relates, inter alia, to isolated DNA encoding the 
ced-3 protein of C elegans, mICE2 y Ich-l y and Ice~4. The invention also 
encompasses nucleic acids having the cDNA sequence of ced-3 y mICE-2 y 
Ich-1, and Ice-4. The invention also encompasses related sequences in other 
species that can be isolated without undue experimentation. It will be 
appreciated that trivial variations in the claimed sequences and fragments 
derived from die full-length genomic and cDN A genes are encompassed by the 
invention as well. The invention also encompasses protein sequences from 
ced-3 9 Ich-1, and Ice-4. It should also be understood that by Ich-1 is intended 
both Ich-l s and lch-1 ^ 

ced-3 

The genomic sequence of the claimed gene encoding ced-3 is shown in 
Figure 2. The gene is 7,656 base pairs in length and contains seven introns 
ranging in size from 54 base pairs to 1,195 base pairs. The four largest 
introns as well as sequences 5' to die START codon contain repetitive 
elements, some of which have been previously characterized in the non-coding 
regions of other C. elegans genes such as fem-1 (Spence et al. y Cell 60:981- 
990 (1990)) and hlh-I (Krause et al., Cell 65:907-919 (1990)). A comparison 
of the repetitive elements in ced-3 with previously characterized repetitive 
elements is shown in figures 2A(i) - 2A(v). The START codon of the ced-3 
protein is the methionine at position 2232 of the genomic sequence shown in 
Figure 2. 

The cDNA sequence of ced-3 shown in Figure 2C. The cDNA is 
2,482 base pairs in length with an open reading frame encoding 503 amino 
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acids and 953 base pairs of 3' untranslated sequence. The last 380 base pairs 
of the 3' sequence are not essential for the expression of the ced-3 protein. 

In addition to encompassing the genomic and cDN A sequences of ced-3 
from C. elegans, the present invention also encompasses related sequences in 
other nematode species which can be isolated without undue experimentation. 
For example, the inventors have shown that ced-3 genes from C. briggsae and 
C. vulgaris may be isolated using the ced-3 cDNA from C. elegans as a probe 
(see Example 1). 

The invention also encompasses protein products from the ced-3 gene, 
gene variants, derivatives, and related sequences. As deduced from the DNA 
sequence, the ced-3 protein is 503 amino acids in length and contains a serine- 
rich middle region of about 100 amino acids. Hie amino acid sequence 
comprising the claimed ced-3 protein is shown in Figure 2 and Figure 2C. A 
comparison of the ced-3 protein of C. elegans with the inferred ced-3 protein 
sequences from the related nematode species C. briggsae and C. vulgaris 
indicates that the non-serine-rich region is highly conserved and that the 
serine-rich region is more variable. The non-serine-rich portion of the ced-3 
protein is also homologous with interleukin-10 converting enzyme (ICE), a 
cysteine protease that can cleave the inactive 31 kD precursor of IL-ljS to 
generate the active cytokine (Cerretti etal., Science 256:97-100 (1992); 
Thornberry et al., Nature 156:768-774 (1992)). The C-terminal portions of 
both the ced-3 and ICE proteins are similar to the mouse nedd-2 protein, 
which is encoded by an mRNA expressed during mouse embryonic brain 
development and down-regulated in the adult brain (Kumar et al. % Biochem. 
&l Biophys. Res. Comm. 785:1155-1161 (1992)). The results suggest that 
ced-3 acts as a cysteine protease in controlling the onset of programmed cell 
death in C. elegans and that members of the ced-3 /ICE/nedd-2 gene family 
function in programmed cell death in a wide variety of species. 
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mICE-2 

The cDNA sequence and deduced amino acid sequence of mICE2 are 
shown in Figure 6. As expected, mICE2 shows homology to both human and 
murine ICE as well as to C. elegans ced-3 (see Figure 7 and 7A). In contrast 
to other cell-death genes that have been identified, mICE2 is preferentially 
expressed in the thymus and placenta. Example 3 describes how the gene was 
obtained by screening a mouse thymus cDNA library with a DNA probe 
derived from human ICE under conditions of low stringency. Given the amino 
acid sequence and cDNA sequence shown in Figure 6, preferred methods of 
obtaining the mICE2 gene (either genomic or cDNA) are described below. 

lch-1 

nedd2 y ICE y mICE2 and ced-3 are all members of the same gene 
family. This suggested that new genes might be isolated based upon their 
homology to identified family members. 

neddl is a mouse gene which is preferentially expressed during early 
embryonic brain development (Kumar et al. t Biochem. Biophys. Res. 
Commun. 785:1155-1161 (1992)). Since many neurons die during early 
embryonic brain development, it is possible that nedd-2 is a cell death gene. 

Ich-I is 2492 base pairs in length and contains an open reading frame 
of 441 amino acids (Figure 8). The C-terminal 130 amino acids of Ich-I are 
over 87% identical to mouse neddl. However, Ich-I contains a much longer 
open reading frame and has the pentapeptide QACRG which is the active 
center of the proteins of the ced-3/ICE family. The results indicate that the 
cDNA isolated by Kumar may not have been synthesized from a fully 
processed mRNA and that the 5' 1147 base pairs which Kumar reported for 
neddl cDNA may actually represent the sequence of an intron. The sequence 
reported by Kumar contains a region which could potentially code for QACRG 
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but these amino acids are encoded in a different reading frame than that 
indicated by Kumar (Figure 9). This suggests that Kumar made an error in 
sequencing. 

The coding regions of neddl and n37 are highly homologous 
(Figure 10). The amino acid sequence of the deduced n37 protein shares 28% 
identity with ced-3 and 27% identity with ICE (Figure 11). The n37 protein 
was named Ich-L 

Ich-1 mRNA is alternatively spliced into two different forms. One 
mRNA species encodes a protein product of 435 amino acids, designated 
Ich-1 u which contains amino acid sequence homologous to both P20 and P10 
subunits of ICE as well as entire ced-3 protein. The other mRNA encodes a 
312 amino-acid truncated version of Ich-1 protein, named Ich-1 SJ that 
terminates 21 amino acid residues after the QACRG active domain of Ich-1. 
Expression of Ich-1 L and Ich-1 s has opposite effects on cell death. 
Overexpression of Ich-1 L induces Rat-1 fibroblast cells to die in culture, while 
overexpression of the Ich-1 s suppresses Rat-1 cell death induced by serum 
deprivation. Results herein suggest that Ich-1 may play an important role in 
both positive and negative regulation of programmed cell death in vertebrate 
animals. 

Ice-4 

Ice-4 was identified based on its sequence homology with ICE and 
other isolated ICE homologs. Since the Ice-4 clone isolated by PCR only 
contains the coding region for the C-terminal half of the Ice-4 protein, a 
mouse thymus cDNA library was screened using the Ice-4 insert. Among 2 
million clones screened, 9 positive clones were isolated. The sequence herein 
is from one clone that contains the complete coding region for Ice-4 gene. 
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Methods of Making 
ced-3 

There are many standard procedures for cloning genes which are well- 
known in the an and which can be used to obtain the ced-3 gene (see e.g., 
Sambrook et at, Molecular Cloning, a Laboratory Manual, 2nd edition, vol. 
1-3, Cold Spring Harbor Laboratory Press, 1989). In Example 1, a detailed 
description is provided of two preferred procedures. The first preferred 
procedure does not require the availability of ced-3 gene sequence information 
and is based upon a method described by Ruvkun et aL {Molecular Genetics 
of Caenorhabditis Elegans Heterochromic Gene tin-14 121: 501-516 (1988)). 
In brief, Bristol and Bergerac strains of nematode are crossed and restriction 
fragment length polymorphism mapping is performed on the DNA of the 
resulting inbred strain. Restriction fragments closely linked to ced-3 are 
identified and then used as probes to screen cosmid libraries for cosmids 
carrying all or part of the ced-3 gene. Positive cosmids are injected into a 
nematode strain in which ced-3 has been mutated. Cosmids carrying active 
ced-3 genes are identified by their ability to rescue the ced-3 mutant phenotype 

A second method for cloning ced-3 genes relies upon the sequence 
information which has been disclosed herein. Specifically, DNA probes are 
constructed based upon the sequence of the ced-3 gene of C. elegans. These 
probes are labelled and used to screen DNA libraries from nematodes or other 
species. Procedures for carrying out such cloning and screening are described 
more fully below in connection with the cloning and expression of mJCE2 y 
Jch-1, and lce-4, and are well-known in the art (see, e.g., Sambrook et al. 9 
Molecular Cloning, a Laboratory Manual, 2nd edition (1988)). When 
hybridizations are carried out under conditions of high stringency, genes are 
identified which contain sequences corresponding exactly to that of the probe. 
In this way, the exact same sequence as described by the inventors herein may 
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be obtained. Alternatively, hybridizations may be carried out under conditions 
of low stringency in order to identify genes in other species which are 
homologous to ced-3 but which contain structural variations (see Example 1 
for a description of how such hybridizations may be used to obtain the ced-3 
genes from C. briggsae and C. vulgaris). 

The results in Example 2 demonstrate that the products of cell-death 
genes may be tolerated by cells provided they are expressed at low levels. 
Therefore, the ced-3 protein may be obtained by incorporating the ced-3 
cDNA described above into any of a number of expression vectors well-known 
in the art and transferring these vectors into appropriate hosts (see Sambrook 
et al , Molecular Cloning, a Laboratory Manual, vol. 3 (1988)). As described 
below in connection with the expression of mICE2 y Ich-1 9 and Ice-4 ^ 
expression systems may be utilized in which cells are grown under conditions 
in which a recombinant gene is not expressed and, after cells reach a desired 
density, expression may be induced. In this way, the tendency of cells which 
express ced-3 to die may be circumvented. 

mICE2, Ich-1, and Ice-4 

DNA encoding mICE2 y Ich-1 9 and Ice-4 may be obtained from either 
genomic DNA or from cDNA. Genomic DNA may include naturally 
occurring introns. Moreover, such genomic DNA may be obtained in 
association wi the 5' promoter region of the sequences and/or with the 3' 
transcriptional termination region. Further, such genomic DNA may be 
obtained in association with the genetic sequences which encode the 5' non- 
translated region of die mICE2 y Ich-l y and Ice-4 mRNA and/or with the 
genetic sequences which encode the 3' non-translated region. To the extent 
that a host cell can recognize the transcriptional and/or translational regulatory 
signals associated with the expression of the mRNA and protein, then the 5' 
and/or 3' non-transcribed regions of the native gene, and/or, the 5' and/or 3' 
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non-translated regions of the mRNA, may be retained and employed for 
transcriptional and translational regulation. 

Genomic DNA can be extracted and purified from any cell containing 
mouse chromosomes by means well known in the art (for example, see Guide 
to Molecular Cloning Techniques, S.L. Berger et a/., eds., Academic Press 
(1987)). Alternatively, mRNA can be isolated from any cell which expresses 
the genes, and used to produce cDNA by means well known in the art (Id.). 
The preferred sources for mICE2 are thymus or placental cells. The mRNA 
coding for any of the proteins (i.e., mICE2 y /eft-/,, or Ice-4) may be enriched 
by techniques commonly used to enrich mRNA preparations for specific 
sequences, such as sucrose gradient centrifugation, or both. 

For cloning into a vector, DNA prepared as described above (either 
human genomic DNA or preferably cDNA) is randomly sheared or enzyma- 
tically cleaved, and ligated into appropriate vectors to form a recombinant 
gene library. A DNA sequence encoding the protein or its functional 
derivatives may be inserted into a DNA vector in accordance with 
conventional techniques. Techniques for such manipulations are disclosed by 
Sambrook, et a/., supra, and are well known in the art. 

In a preferred method, oligonucleotide probes specific for the gene are 
designed from the cDNA sequences shown in the Figures 6, 8, 12A, 12B, and 
16. The oligonucleotide may be synthesized by means well known in the art 
(see, for example, Synthesis and Application of DNA and RNA, S.A. Narang, 
ed., 1987, Academic Press, San Diego, CA) and employed as a probe to 
identify and isolate the cloned gene by techniques known in the art. 
Techniques of nucleic acid hybridization and clone identification are disclosed 
by Maniatis, T., et al. On: Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratories, Cold Spring Harbor, NY (1982)), and by Hames, 
B.D., et al. (In: Nucleic Add Hybridization, A Practical Approach, IRL Press, 
Washington, DC (1985)). Those members of the above-described gene library 
which are found to be capable of such hybridization are then analyzed to 
determine the extent and nature of the coding sequences which they contain. 
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To facilitate the detection of the desired coding sequence, the above- 
described DNA probe is labeled with a detectable group. This group can be 
any material having a detectable physical or chemical property. Such 
materials are well-known in the field of nucleic acid hybridization and any 
label useful in such methods can be applied to the present invention. 
Particularly useful are radioactive labels, such as 32 P, 3 H, 14 C, 35 S, l25 I, or the 
like. Any radioactive label may be employed which provides for an adequate 
signal and has a sufficient half-life. The oligonucleotide may be radioactively 
labeled, for example, by "nick-translation" by well-known means, as described 
in, for example, Rigby, P.J.W., etal.,J. Mol. Biol. 775:237 (1977) or by T4 
DNA polymerase replacement synthesis as described in, for example, Deen, 
K.C., et al. 9 Anal. Biochem. 755:456 (1983). 

Alternatively, oligonucleotide probes may be labeled with a non- 
radioactive marker such as biotin, an enzyme or a fluorescent group. See, for 
example, Leary, JX, et al. y Proc. Natl. Acad. Sci. USA 80:4045 (1983); 
Renz, M., etal., Nucl. Acids Res. 72:3435 (1984); and Renz, M., EMBOJ. 
6:817 (1983). 

For Ich-1, Ae isolation shown in the Examples was as follows. Two 
primers were used in the polymerase chain reaction to amplify neddZ cDNA 
from embryonic day 15 mouse brain cDNA (Sambrook etal., Molecular 
Cloning, a Laboratory Manual, vol. 3 (1988)). One primer had the sequence: 
ATGCTAACTGTCCAAGTCTA and die other primer had the sequence: 
TCCAACAGCAGGAATAGCA. The cDNA thus amplified was cloned using 
standard methodology. The cloned mouse nedd2 cDNA was used as a probe 
to screen a human fetal brain cDNA library purchased from Stratagene. Such 
methods of screening and isolating clones are well known in the art (Maniatis, 
T., et al. y Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratories, Cold Spring Harbor, NY (1982)); Hames, B.D., et al., Nucleic 
Acid Hybridization, A Practical Approach, IRL Press, Washington, DC 
(1985)). A human nedd-2 cDNA clone was isolated that encodes a protein 
much longer than the mouse nedd-2 and contains amino acid sequences 
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homologous to the entire ICE and ced-3 proteins. The isolated clone was 
given the name Ice-ced 3 homolog or Ich-L 

The Ich-1 cDNA may be obtained using the nucleic acid sequence 
information given in Figures 8, 12A, or 12B. DNA probes constructed from 

5 this sequence can be labeled and used to screen human gene libraries as 

described herein. Also as discussed herein, Ich-1 may be cloned into 
expression vectors and expressed in systems in which host cells are grown 
under conditions in which recombinant genes are not expressed and, after cells 
reach a desired density, expression is induced. In this way, a tendency of 

10 cells which express Ich-1 to die may be circumvented. 

One method of making Ice-4 is as follows. mRNA was isolated from 
embryonic day 14 mouse embryos using Invitrogens* microfast track mRNA 
isolation kit. The isolated mRNA was reverse transcribed to generate template 
for PCR amplification. The degenerate PCR primers were: dceB 

15 {TG(ATCG)CC(ATCG)GGGAA(ATCG)AGGTAGAA} and cTceAs 

{ATCAT(ATC)ATCCAGGC(ATCG)TGCAG(AG)GG}. The PCR cycles 
were set up as follows: 1. 94°C, 3 min; 2. 94°C, 1 min; 3. 48°C, 2 min; 
4. 72°C, 3 min; 5. return to "2" 4 cycles; 6. 94°C, 1 min; 7. 55°C 5 2 min; 
8. 72°C, 3 min; 9. return to "6" 34 cycles; 10. 72°C, 10 min; 11. end. Such 

20 PCR generated a band about 400bp, the predicted size of ICE homologs. The 

PCR products were cloned into T-tailed blunt-ended pBSKII plasmid vector 
(Stratagene). Plasmids that contain an insert were analyzed by DNA 
sequencing. 

The lce-4 cDNA may also be obtained using the nucleic acid sequence 
25 information given in Figure 16. DNA probes constructed from this sequence 

can be labeled and used to screen human gene libraries as described herein. 
Also as discussed herein, Ice-4 may be cloned into expression vectors and 
expressed in systems in which host cells arc grown under conditions in which 
recombinant genes are not expressed and, after cells reach a desired density, 
30 expression is induced. 
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The methods discussed herein are capable of identifying genetic 
sequences which encode mICE2 y Ich-1, and Ice-4. In order to further charac- 
terize such genetic sequences, and, in order to produce the recombinant 
protein, it is desirable to express the proteins which these sequences encode. 

To express any of the genes herein (mICE2, lch-1, lce-4, and 
derivatives), transcriptional and translational signals recognizable by an 
appropriate host are necessary. The cloned coding sequences, obtained 
through the methods described herein, may be operably linked to sequences 
controlling transcriptional expression in an expression vector and introduced 
into a host cell, either prokaryote or eukaryote, to produce recombinant 
protein or a functional derivative thereof. Depending upon which strand of 
the sequence is operably linked to the sequences controlling transcriptional 
expression, it is also possible to express antisense RNA or a functional 
derivative thereof. 

Expression of the protein in different hosts may result in different post- 
translational modifications which may alter the properties of the protein. 
Preferably, die present invention encompasses the expression of mICE2, Ich-1, 
and Ice-4 or a functional derivative thereof, in eukaryotic cells, and especially 
mammalian, insect and yeast cells. Especially preferred eukaryotic hosts are 
mammalian cells either in vivo, or in tissue culture. Mammalian cells provide 
post-translational modifications which should be similar or identical to those 
found in the native protein. Preferred mammalian host cells include rat-1 
fibroblasts, mouse bone marrow derived mast cells, mouse mast cells 
immortalized with Kirsten sarcoma virus, or normal mouse mast cells that 
have been co-cultured with mouse fibroblasts. Razin et al. 9 J. cf Immun. 
132:1479 (1984); Levi-Schaffer et al. y Proc. Natl. Acad. Sci. (USA) S3:6485 
(1986) and Reynolds et al, y "Immortalization of Murine Connective Tissue- 
type Mast Cells at Multiple Stages of Their Differentiation by Coculture of 
Splenocytes with Fibroblasts that Produce Kirsten Sarcoma Virus," 7. Biol. 
Chem. 265:12783-12791 (1988). 
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A nucleic acid molecule, such as DNA, is said to be "capable of 
expressing" a polypeptide if it contains expression control sequences which 
contain transcriptional regulatory information and such sequences are 
"operably linked" to the nucleotide sequence which encodes the polypeptide. 

An operable linkage is a linkage in which a coding sequence is 
connected to a regulatory sequence (or sequences) in such a way as to place 
expression of the coding sequence under the influence or control of the 
regulatory sequence. Two DNA sequences (e.g. the coding sequence of 
protein and a promoter) are said to be operably linked if induction of promoter 
function results in the transcription of the coding sequence and if the nature 
of the linkage between the two DNA sequences does not (1) result in the 
introduction of a frame-shift mutation; (2) interfere with the ability of 
regulatory sequences to direct the expression of the coding sequence, anti sense 
RNA, or protein; or (3) interfere with the ability of the coding sequence 
template to be transcribed by the promoter region sequence. Thus, a promoter 
region would be operably linked to a DNA sequence if the promoter were 
capable of effecting transcription of that DNA sequence. 

The precise nature of the regulatory regions needed for gene expression 
may vary between species or cell types, but shall in general include, as 
necessary, 5' non-transcribing and 5' non-translating (non-coding) sequences 
involved with initiation of transcription and translation respectively, such as 
the TATA box, capping sequence, CAAT sequence, and the like. Especially, 
such 5' non-transcribing control sequences will include a region which 
contains a promoter for transcriptional control of the operably linked gene. 

Expression of proteins of the invention in eukaryotic hosts requires the 
use of regulatory regions functional in such hosts, and preferably eukaryotic 
regulatory systems. A wide variety of transcriptional and translational regu- 
latory sequences can be employed, depending upon the nature of the 
eukaryotic host The transcriptional and translational regulatory signals can 
also be derived from the genomic sequences of viruses which infect eukaryotic 
cells, such as adenovirus, bovine papilloma virus, Simian virus, herpes virus, 
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or the like. Preferably, these regulatory signals are associated with a 
particular gene which is capable of a high level of expression in the host cell. 

In eukaryotes, where transcription is not linked to translation, control 
regions may or may not provide an initiator methionine (AUG) codon, 
depending on whether the cloned sequence contains such a methionine. Such 
regions will, in general, include a promoter region sufficient to direct the 
initiation of RNA synthesis in the host cell. Promoters from heterologous 
mammalian genes which encode mRNA capable of translation are preferred, 
and especially, strong promoters such as the promoter for actin, collagen, 
myosin, etc., can be employed provided they also function as promoters in the 
host cell. Preferred eukaryotic promoters include the promoter of the mouse 
metallothionein I gene (Hamer, D., et al, y J. MoL AppL Gen, 7:273-288 
(1982)); the TK promoter of Herpes virus (McKnight, S., Cell 57:355-365 
(1982)); the SV40 early promoter (Benoist, C, et al. 9 Nature (London) 
290:304-310 (1981)); in yeast, the yeast gal4 gene promoter (Johnston, S.A., 
etal., Proc. NatL Acad. Set. (USA) 79:6971-6975 (1982); Silver, P. A., et aL 9 
Proc. NatL Acad. Set. (USA) 57:5951-5955 (1984)) or a glycolytic gene 
promoter may be used. 

It is known dial translation of eukaryotic mRNA is initiated at the 
codon which encodes the first methionine. For this reason, it is preferable to 
ensure that the linkage between a eukaryotic promoter and a DNA sequence 
which encodes the proteins of the invention or functional derivatives thereof, 
does not contain any intervening codons which are capable of encoding a 
methionine. The presence of such codons results either in the formation of a 
fusion protein or a frame-shift mutation. 

If desired, a fusion product of the proteins may be constructed. For 
example, the sequence coding for the proteins may be linked to a signal 
sequence which will allow secretion of the protein from, or the 
compartmentalization of the protein in, a particular host. Such signal 
sequences may be designed with or without specific protease sites such that the 
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signai peptide sequence is amenable to subsequent removal. Alternatively, the 
native signal sequence for this protein may be used. 

Transcriptional initiation regulatory signals can be selected which allow 
for repression or activation, so that expression of operably linked genes can 
be modulated. Of interest are regulatory signals which are temperature- 
sensitive so that by varying the temperature, expression can be repressed or 
initiated, or are subject to chemical regulation, e.g., metabolite. 

If desired, the non-transcribed and/or non-translated regions 3' to the 
sequence coding for the proteins can be obtained by the above-described 
cloning methods. The 3 ' -non-transcribed region may be retained for 
transcriptional termination regulatory sequence elements; the 3'-non-translated 
region may be retained for translational termination regulatory sequence 
elements, or for those elements which direct polyadenylation in eukaryotic 
cells. Where native expression control signals do not function satisfactorily 
in a host cell, functional sequences may be substituted. 

The vectors of the invention may further comprise other operably 
linked regulatory elements such as enhancer sequences, or DNA elements 
which confer tissue or cell-type specific expression on an operably linked 
gene. 

To transform a mammalian cell with the DNA constructs of the 
invention many vector systems are available, depending upon whether it is 
desired to insert the DNA construct into the host cell chromosomal DNA, or 
to allow it to exist in extrachromosomal form. If the protein encoding 
sequence and an operably linked promoter are introduced into a recipient 
eukaryotic cell as a non-replicating DNA (or RNA) molecule, the expression 
of the protein may occur through the transient expression of the introduced 
sequence. 

In a preferred embodiment, genetically stable transformants may be 
constructed with vector systems, or transformation systems, whereby mICE2 y 
Ich-1, or Ice-4 DNA is integrated into the host chromosome. Such integration 
may occur de novo within the cell or, in a most preferred embodiment, 
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through the aid of a cotransformed vector which functionally inserts itself into 
the host chromosome, for example, retroviral vectors, transposons or other 
DNA elements which promote integration of DNA sequences in chromosomes. 

Cells which have stably integrated the introduced DNA into their 
chromosomes are selected by also introducing one or more markers which 
allow for selection of host cells which contain the expression vector in the 
chromosome, for example the marker may provide biocide resistance, e.g., 
resistance to antibiotics, or heavy metals, such as copper, or the like. The 
selectable marker gene can either be directiy linked to the DNA gene 
sequences to be expressed, or introduced into the same cell by co-transfection. 

In another embodiment, the introduced sequence is incorporated into 
a plasmid or viral vector capable of autonomous replication in the recipient 
host. Any of a wide variety of vectors may be employed for this purpose. 
Factors of importance in selecting a particular plasmid or viral vector include: 
the ease with which recipient cells that contain the vector may be recognized 
and selected from those recipient cells which do not contain the vector; the 
number of copies of the vector which are desired in a particular host; and 
whether it is desirable to be able to "shuttle" the vector between host cells of 
different species. 

Preferred eukaryotic plasmids include those derived from the bovine 
papilloma virus, vaccinia virus, SV40, and, in yeast, plasmids containing the 
2-micron circle, etc., or their derivatives. Such plasmids are well known in 
the art (Botstein, D., et aL 9 Miami Wntr. Symp. 79:265-274 (1982); Broach, 
J.R., In: The Molecular Biology of the Yeast Saccharomyces: life Cycle and 
Inheritance, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, p. 
445-470 (1981); Broach, J.R., Cell 25:203-204 (1982); Bollon, D.P., etal y 
7. Can. Hematol. Oncol 70:39-48 (1980); Maniatis, T., In: Cell Biology: 
A Comprehensive Treatise, Vol 3, Gene Expression, Academic Press, NY, pp. 
563-608 (1980)), and are commercially available. 

Once the vector or DNA sequence containing the construct(s) is 
prepared for expression, the DNA constructs) is introduced into an 
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appropriate host cell by any of a variety of suitable means, including 
transfection. After the introduction of the vector, recipient cells are grown in 
a medium which selects for the growth of vector-containing cells. Expression 
of the cloned gene sequence(s) results in the production of the protein, or in 
the production of a fragment of this protein. This expression can take place 
in a continuous manner in the transformed cells, or in a controlled manner, for 
example, expression which follows induction of differentiation of the 
transformed cells (for example, by administration of bromodeoxyuracil to 
neuroblastoma cells or the like). The latter is preferred for the expression of 
the proteins of the invention. By growing cells under conditions in which the 
proteins are not expressed, cell death may be avoided. When a high cell 
density is reached, expression of the proteins may be induced and the 
recombinant protein harvested immediately before death occurs. 

The expressed protein is isolated and purified in accordance with 
conventional procedures, such as extraction, precipitation, gel filtration 
chromatography, affinity chromatography, electrophoresis, or the like. 

The mICE2 y Ich-1, and Ice-4 sequences, obtained through the methods 
above, will provide sequences which not only encode these proteins but which 
also encode ami sense RNA directed against mICE2 y Ich-1, and Ice-4; the 
anti sense DNA sequence will be that sequence found on the opposite strand of 
the strand transcribing the mRNA. The antisense DNA strand may also be 
operably linked to a promoter in an expression vector such that transformation 
with this vector results in a host capable of expression of the antisense RNA 
in the transformed cell. Antisense DNA and RNA may be used to interact 
with endogenous m/CE2, ZcA-i, or Ice-4 DNA or RNA in a maimer which 
inhibits or represses transcription or translation of the genes in a highly 
specific manner. Use of antisense nucleic acid to block gene expression is 
discussed in Lichtenstein, C, Nature 555:801-802 (1988). 
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Methods of Using 
ced-3 

The ced-3 gene (as well as ced-3 homologs and other members of the 
ced-3 gene family) may be used for a number of distinct purposes. First, 
portions of the gene may be used as a probe for identifying genes homologous 
to ced-3 in other strains of nematode (see Example 1) as well as in other 
species (see Examples 2 and 3). Such probes may also be used to determine 
whether the ced-3 gene or homologs of ced-3 are being expressed in cells* 

The cell death genes will be used in the development of therapeutic 
methods for diseases and conditions characterized by cell death. Among 
diseases and conditions which could potentially be treated are neural and 
muscular degenerative diseases, myocardial infarction, stroke, virally induced 
cell death and aging. The discovery that ced-3 is related to ICE suggests that 
cell death genes may play an important role in inflammation (IL-10 is known 
to be involved in the inflammatory response). Thus therapeutics based upon 
ced-3 and related cell death genes may also be developed. 

mICE2, Ich-1, andlce-4 

mICE2, Ich-l y and Ice-4 will have the same uses as those described in 
connection with ced-3 (above) and ICE (see below). The gene sequences may 
be used to construct anti sense DNA and RNA oligonucleotides, which, in turn, 
may be used to prevent programmed cell death in thymus or placental cells. 
Techniques for inhibiting the expression of genes using antisense DNA or 
RNA are well-known in the art (Lichtenstein, C. , Nature 555:801-802 (1988)). 
Portions of the claimed DNA sequence may also be used as probes for 
determining the level of expression. Similarly the protein may be used to 
generate antibodies that can be used in assaying cellular expression. 
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Portions of the mICE2, Ich-1 7 and Ice-4 genes described above may be 
used for determining the level of expression of the proteins (mICE2 in thymus 
or placental cells as well as in other tissues and organs). Such methods may 
be useful in determining if these cells have undergone a neoplastic 
transformation. Probes based upon the gene sequences may be used to isolate 
similar genes involved in cell death. A portion of the gene may be used in 
homologous recombination experiments to repair defective genes in cells or, 
alternatively, to develop strains of mice that are deficient in the gene. 
Anti sense constructs may be transfected into cells (placental or thymus cells 
for mICE2) in order to develop cells which may be maintained in culture for 
an extended period of time or indefinitely. Alternatively anti sense constructs 
may be used in cell culture or in vivo to block cell death. 

The protein may be used for the purpose of generating polyclonal or 
monoclonal antibodies using standard techniques well known in the art (Klein, 
J. Immunology: The Science cf Cell-Noncell Discrimination, John Wiley & 
Sons, N.Y. (1982); Kennett et al. P Monoclonal Antibodies, Hybridoma: A New 
Dimension in Biological Analyses, Plenum Press, N.Y. (1980); Campbell, A., 
"Monoclonal Antibody Technology," In: Laboratory Techniques in 
Biochemistry and Molecular Biology 13, Burdon et al. eds., Elseiver, , 
Amsterdam (1984); Harlow and Lane, Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory, N.Y. (1988)). Such antibodies may be used in 
assays for determining the expression of the genes. Purified protein would 
serve as the standard in such assays. 

Based upon the sequences of Figures 6, probes may be used to 
determine whether the mICEZ gene or homologs of mICE2 are being expressed 
in cells. Such probes may be utilized in assays for correlating mICE2 
expression with cellular conditions, e.g. neoplastic transformation, as well as 
for the purpose of isolating other genes which are homologous to mICE2. 

mICE2 will be used in the development of therapeutic methods for 
diseases and conditions characterized by cell death. The diseases and 
conditions which could potentially be treated include neural and muscular 
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degenerative diseases, myocardial infarction, stroke, virally induced cell death 
and aging. 

Antisense nucleic acids based upon the sequences shown in Figure 6 
may be used to inhibit mICE2 expression. Such inhibition will be useful in 

S blocking cell death in cultured cells. 

The mICE2 protein may be used to generate polyclonal or monoclonal 
antibodies using methods well known in the art (Klein, J. Immunology: The 
Science of Cell-NonceU Discrimination, John Wiley & Sons, N.Y. (1982); 
Kennett et al., Monoclonal Antibodies, Hybridoma: A New Dimension in 

10 Biological Analyses , Plenum Press, N.Y. (1980); Campbell, A., "Monoclonal 

Antibody Technology, n In: Laboratory Techniques in Biochemistry and 
Molecular Biology 73, Burdon et al. eds., Elseiver, Amsterdam (1984); 
Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, N.Y. (1988)). The antibodies may be used in assays for 

15 determining die expression of mICE2. Purified mICE2 protein would serve 

as the standard in such assays. 

Based upon the sequences of Figures 8, 12A, and 12B, probes may be 
used to determine whether the Ich-1 gene or homologs of Ich-1 are being 
expressed in cells. Such probes may be utilized in assays for correlating Ich-1 

20 expression with cellular conditions, e.g. neoplastic transformation, as well as 

for the purpose of isolating other genes which are homologous to Ich-1 . 

Ich-1 will be used in the development of therapeutic methods for 
diseases and conditions characterized by cell death. The diseases and 
conditions which could potentially be treated include neural and muscular 

25 degenerative diseases, myocardial infarction, stroke, virally induced cell death 

and aging. 

Antisense nucleic acids based upon the sequences shown in Figures 8, 
12A, and 12B, may be used to inhibit Ich-1 expression. Such inhibition will 
be useful in blocking cell death in cultured cells. 
30 The Ich-1 protein may be used to generate polyclonal or monoclonal 

antibodies using methods well known in the art (Klein, J. Immunology: The 
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Science of Cell-Noncell Discrimination, John Wiley & Sons, N.Y. (1982); 
Kennett et al., Monoclonal Antibodies, Hybridoma: A New Dimension in 
Biological Analyses, Plenum Press, N.Y. (1980); Campbell, A., "Monoclonal 
Antibody Technology," In: Laboratory Techniques in Biochemistry and 
Molecular Biology 13, Burdon etal. eds., Elseiver, Amsterdam (1984); 
Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, N.Y. (1988)). The antibodies may be used in assays for 
determining the expression of Ich-L Purified Ich-1 protein would serve as the 
standard in such assays. 

Based upon the sequence of Figure 16, probes may be used to 
determine whether the Ice-4 gene or homologs of Ice-4 are being expressed in 
cells. Such probes may be utilized in assays for correlating Ice-4 expression 
with cellular conditions, e.g. neoplastic transformation, as well as for the 
purpose of isolating other genes which are homologous to Ice-4. 

Ice-4 will be used in the development of therapeutic methods for 
diseases and conditions characterized by cell death. The diseases and 
conditions which could potentially be treated include neural and muscular 
degenerative diseases, myocardial infarction, stroke, virally induced cell death 
and aging. 

Antisense nucleic acids based upon the sequence shown in Figure 16 
may be used to inhibit Ice-4 expression. Such inhibition will be useful in 
blocking cell death in cultured cells. 

The Ice-4 protein may be used to generate polyclonal or monoclonal 
antibodies using methods well known in the art (Klein, J. Immunology: The 
Science of Cell-Noncell Discrimination, John Wiley & Sons, N.Y. (1982); 
Kennett et al., Monoclonal Antibodies, Hybridoma: A New Dimension in 
Biological Analyses, Plenum Press, N.Y. (1980); Campbell, A., "Monoclonal 
Antibody Technology," In: Laboratory Techniques in Biochemistry and 
Molecular Biology 13, Burdon et al. eds., Elseiver, Amsterdam (1984); 
Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, N.Y. (1988)). The antibodies may be used in assays for 
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determining the expression of lce-4. Purified lce-4 protein would serve as the 
standard in such assays. 

Method for Preventing Programmed Cell Death in Vertebrate Celts by 
Inhibiting the Enzymatic Activity oflnterieukin-ip Converting Enzyme (ICE) 

The present invention is directed to preventing the programmed death 
of vertebrate cells by inhibiting the action of ICE. The detailed structural 
analysis performed on the ced-3 gene from C. elegans revealed a homology 
to human and murine ICE which is especially strong at the QACRG active 
domain of ICE (see Figure 3A). ICE is a cysteine protease that cleaves 
inactive pro-interleukin-0 into active interleukin-lj8. 

In order to determine if ICE functions as a cell death gene in 
vertebrates, the mouse ICE gene was cloned, inserted into an expression 
vector and then transfected into rat cells. A close correlation was found 
between ICE expression and cell death (see Example 2). 

Further support for the function of ICE as a cell death gene was 
obtained from inhibition studies. The cowpox gene crmA encodes a protein 
that specifically inhibits ICE activity (Ray et al. y Cell 69:597-604 (1992)). In 
order to determine whether cell death can be prevented by inhibiting the 
enzymatic action of ICE, cell lines were established which produced a high 
level of crmA protein. When these cells were transfected with ICE, it was 
found that a large percentage of the cells expressing ICE maintained a healthy 
morphology and did not undergo programmed cell death. 

Evidence that ICE has a physiological role as a vertebrate cell death 
gene was also obtained by examining cells engineered to over-express bcl-2, 
an oncogene known to inhibit programmed cell death and to be overexpressed 
in many follicular and B cell lymphomas. It was found that cells expressing 
bcl~2 did not undergo cell death despite the synthesis of high levels of ICE. 
These results suggest that bcl-2 may promote malignancy by inhibiting the 
action of ICE. 
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Any method of specifically regulating the action of ICE in order to 
control programmed cell death in vertebrates is encompassed by the present 
invention. This would include not only inhibitors specific to ICE y e.g. crmA, 
or the inhibitors described by Thornberry et aL, Nature 356:768-774 (1992), 
but also any method which specifically prevented the expression of the ICE 
gene. Thus, antisense RNA or DNA comprised of nucleotide sequences 
complementary to ICE and capable of inhibiting die transcription or translation 
of ICE are within the scope of the invention (see Lichtenstein, C, Nature 
533:801-802 (1988)). 

The ability to prevent vertebrate programmed cell death is of use in 
developing cells which can be maintained for an indefinite period of time in 
culture. For example, cells over-expressing crmA may be used as hosts for 
expressing recombinant proteins. The ability to prevent programmed cell 
death may allow cells to live independent of normally required growth factors. 
It has been found that microinjecting crmA mRNA or a cnnd-expressing 
nucleic acid construct into cells allows chicken sympathetic neurons to live in 
vitro after the removal of neural growth factor. 

Alternatively, the expression of ICE may be increased in order to cause 
programmed cell death. For example, homologous recombination may be 
used to replace a defective region of an ICE gene with its normal counterpart. 
In this way, it may be possible to prevent the uncontrolled growth of certain 
malignant cells. Methods of increasing ICE activity may be used to kill 
undesired organisms such as parasites. crmA is a viral protein which is 
important for cowpox infection. This suggests that the prevention of cell death 
may be important for successful infection and that, by the promotion of ICE 
expression, may provide a means for blocking infection. 

Having now generally described this invention, the same will be further 
described by reference to certain specific examples which are provided herein 
for purposes of illustration only and are not intended to be limiting unless 
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othenvise specified. All references cited throughout the specification are 
incorporated by reference in their entirety. 

Example 1 

Experimental Procedures 

General Methods and Strains 

The techniques used for culturing C. elegans have been described by 
Brenner (Brenner, S., Genetics 77:71-94 (1974)). All strains were grown at 
20°C. The wild-type parent strains were C elegans variety Bristol strain N2, 
Bergerac strain EM 1002 (Emmons et al., Cell 52:55-65 (1983)), C. briggsae 
and C. vulgaris. The genetic markers used are described below. These 
markers have been previously described (Brenner, S., Genetics 77:71-94 
(1974)); and Hodgkin et al. , Genetics in the Nematode Caenorhabditis Elgens 
(Wood et al. eds.) pp.491-584, Cold Spring Harbor, New York (1988)). 
Genetic nomenclature follows the standard system (Horvitz et al., Mol. Gen. 
Genet. 775:129-133 (1979)). 

LG I: ced-1 (d 735); unc-54 (r323) 

LG VI: unc-31 (e928), unc-30 (e!91), ced-3 (n717 f n718, nl040, 
nl!2% nll634, nll64, nll65 9 nl286, n!949, n2426, n2430, n2433), 
unc-26 (e2Q5), dpy-4 (el 166) 
LG V: eg-l(n986);unc-76(e911) 
LG X: dpy-3(e27) 

Isolation of additional alleles of ced-3 

A non-complementation screen was designed to isolate new alleles of 
ced-3. Because animals heterozygous for ced3(n717) in trans to a deficiency 
are viable (Ellis et aL, Cell 44:817-829 (1986)), it was expected that animals 
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carrying a complete loss-of-function mutant ced-3 allele in trans to ced-3(n71 7) 
would be viable even if homozygotes for the allele were inviable. EMS 
mutagenized egl-1 LA males were mated with ced-3 (nil 7) unc-26(e205)\ 
egl-1 (n487); dpy-3(e27) hermaphrodites, egl-1 was used as a marker in this 
screen. Dominant mutations in egl-1 cause the two hermaphrodite-specific 
neurons, the HSNs, to undergo programmed cell death (Trent et al. t Genetics 
704:619-647 (1983)). The HSNs are required for normal egg-laying, and 
egl-1 (n986) hermaphrodites, which lack HSNs are egg-laying defective (Trent 
et al. 9 Genetics 704:619-647)). The mutant phenotype of egl-1 is suppressed 
in a ced-3\ egl-1 strain because mutations in ced-3 block programmed cell 
deaths, egl-1 males were mutagenized with EMS and crossed with ced3(n71 7) 
unc-26(e205); egl-1 (n487); dpy-3(e27). Most cross progeny were egg-laying 
defective because they were heterozygous for ced-3 and homozygous for egl-1. 
Rare egglaying competent animals were picked, those animals being candidates 
for carrying new alleles of ced-3. Four such animals were isolated from about 
10,000 Fl cross progeny of EMS-mutagenized animals. These new mutations 
were made homozygous to confirm that they carried mutations of ced-3, 

RFLP mapping 

Two cosmid libraries were used extensively in this work - a Sau3A I 
partial digest genomic library of 7000 clones in the vector pHC79 and a Sau3A 
I partial digest genomic library of 6000 clones in the vector pJB8 (Coulson 
etal., Proc. Natl. Acad. Sci. U.S.A. 83:7821-7825 (1986). 

Bristol (N2) and Bergerac (EM 1002) DNA was digested with various 
restriction enzymes and probed with different cosmids to look for RFLPs. 
nP33 is a Hindlll RFLP detected by the "right" end of Jc8. The "right" end 
of Jc8 was made by digesting Jc8 with EcoRl and self-ligating. nP34 is a 
Hindlll RFLP detected by die "left" end of Jc8. The "left" end of Jc8 was 
made by digesting Jc8 by Sail and self ligating. nP36 and nP37 are both 
Hindlll RFLPs detected by T10H5 and B0564, respectively. 
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Germ tine transformation 

The procedure used for microinjection basically follows that of A. Fire 
(Fire, A., EMBO J. 5:2673-2680 (1986)). Cosmid DNA was twice CsCl 
gradient purified. Miniprep DNA was used when deleted cosmids were 
injected and was prepared from 1.5 ml overnight bacteria culture in 
superbroth. Superbroth was prepared by combining 12 g Bacto tryptone, 24 
g yeast extract, 8 ml 50% glycerol and 900 ml H 2 0. The mixture was 
autoclaved and then 100 ml of 0.17 M KH 2 P0 4 and 0.72 M K 2 HP0 4 were 
added. The bacterial culture was extracted by the alkaline lysis method as 
described in Maniatis et al. (Molecular Cloning, A Laboratory Manual, Cold 
Spring Haibor Press (1983)). DNA was treated with RNase A (37°, 30 min) 
and then with protease K (55°, 30 min). The preparation was phenol- and 
then chloroform-extracted, precipitated twice (first in 0.3 M Na acetate and 
second in 0. 1 M K acetate, pH 7.2), and resuspended in 5 1 injection buffer 
as described by A. Fire (Fire, A., EMBO J. 5:2673-2680 (1986)). The DNA 
concentration for injection was in the range of 100 /ig to 1 mg per ml. 

All transformation experiments used the ced-1 {e!735)\ unc-31(e928) 
ced-3(n717) strain, unc-31 was used as a marker for co-transformation (Kim 
etal., Genes & Dev. 4:357-371 (1990)). ced-1 was present to facilitate 
scoring of the ced-3 phenotype. The mutations in ced-1 block the engulfment 
process of cell death, which makes the corpses of the dead cells persist much 
longer than that in the wild-type (Hedgecock et al., Science 220:1277-1280 
(1983)). ced-3 phenotype was scored as the number of dead cells present in 
the head of young LI animals. The cosmid C10D8 or the plasmid subclones 
of C10D8 were mixed with C14G10 (artc-Jif+J-containing) at a ratio of 2:1 
or 3:1 to increase the chances that an Unc-31(+) transformant would contain 
the cosmid or plasmid being tested. Usually, 20-30 animals were injected in 
one experiment. Non-Unc Fl progeny of injected animals were isolated three 
to four days later. About 1/2 to 1/3 of the non-Unc progeny transmitted the 
non-U nc phenotype to F2 and established a line of transfomants. The young 
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Ll progeny of such non-Unc transformants were checked for the number of 
dead cells present in the head using Nomarski optics. 

Determination of ced-3 transcript initiation site. 

Two primers, Pexl: 
5 (S'CnTGCACTGCmCACGATCTCCCGTCrm') and Pex2: 

(5 'TCATCGACTTTTAGATGACTAGAGAACATC3 were used for primer 
extension. The primers for RT-PCR are: SL1 
(5 'GTTTAATTACCCAAGTTTGAG3 ') and log-5 

(5 'CCGGTGACATTGG ACACTC3 '). The products are reamplified using the 
10 primers SL1 and oligolO (5 ' ACTATTCAACACTTG3 A product of the 

expected length was cloned into the PCR1000 vector (invitrogen) and 
sequenced. 

Determination and analysis ofDNA sequence 

For DNA sequencing, serial deletions were made according to a 
15 procedure developed by Henikoff (Heinkoff, S., Gene 28:351-359 (1984)). 

DNA sequences were determined using Sequenase and protocols obtained from 
US Biochemicals with minor modifications. 

The ced-3 amino acid sequence was compared with amino acid 
sequences in the GenBank, P1R and SWISS-PROT databases at the National 
20 Center for Biotechnology Information (NCBI) using the blast network service. 

Cloning of ced-3 genes from other nematode species 

C. briggsae and C. vulgaris ced-3 genes were isolated from 
corresponding phage genomic libraries using the ced-3 cDNA subclone pJl 18 
insert as a probe under low stringency conditions (SxSSPE, 20% Formamide, 
25 0.02% Ficoll, 0.02% BSA, 0.02% polyvinylpyrrolidone, 1% SDS) at 40°C 
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overnight and washed in lxSSPE and 0.5% SDS twice at room temperature 
and twice at 42 °C for 20 min each time. 

Results 

ced-3 is not essential for viability 

All previously described ced-3 alleles were isolated in screens designed 
to detect viable mutants in which programmed cell death did not occur (Ellis 
et al. 9 Cell 44:817-829 (1986)). Such screens might systematically have 
missed classes of ced-3 mutations that result in inviability. Since animals with 
the genotype of carf-3/deficiency arc viable (Ellis et al. f Cell 44:817-829 
(1986)), a noncomplementation-screening scheme was designed that would 
allow the isolation of recessive lethal alleles of ced-3. Four new ced-3 alleles 
(n!163 f nJJ64, nll65, and nl286) were obtained which were viable as 
homozygotes. These new alleles were isolated at a frequency of about 1 in 
2500 mutagenized haploid genomes, approximately the frequency expected for 
the generation of null mutations in an average C. elegans gene (Brenner, S., 
Genetics 77:71-94 (1974); Meneely etal., Genetics 92:99-105 (1990); 
Greenwald et aL 9 Genetics 96:147-160 (1980)). 

These results suggest that animals that lack ced-3 gene activity are 
viable. In support of this hypothesis, molecular analysis has revealed that 
three ced-3 mutations are nonsense mutations that prematurely terminate ced-3 
protein translation and one alters a highly conserved splice acceptor site (see 
below). These mutations would be expected to eliminate ced-3 activity 
completely. Based upon these considerations, it was concluded that ced-3 
gene activity is not essential for viability. 
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ced-3 is contained within a 7.5 kb genomic fragment 

The ced-3 gene was cloned using the approach of Ruvkun et al. 
(Molecular Genetics of the Caenorhabditis Elgens Heterochronic Gene lin-14 
727:501-516 (1988)). Briefly (for further details, see Experimental 
Procedures), the C. elegans Bristol strain N2 contains 30 dispersed copies of 
the transposable element Tel, whereas the Bergerac strain contains more than 
400 copies (Emmons et al., Cell 52:55-65 (1983); Finney, M., Ph.D. Thesis 
"The Genetics and Molecular Biology of unc-86, a Caenorhabditis elgens Cell 
Lineage Gene," Cambridge, MA (1987)). By crossing Bristol and Bergerac 
strains, a series of recombinant inbred strains were generated in which 
chromosomal material was mostly derived from the Bristol strain with varying 
amounts of Bergerac-specific chromosome IV-derived material in the region 
of the ced-3 gene. By probing DNA from these strains with plasmid pCe2001 
which contains Tel (Emmons et al., Cell 52:55-65 (1983,) a 5.1 kb EcoRI 
Tcl-containing restriction fragment specific to the Bristol strain (restriction 
fragment length polymorphism nP35) and closely linked to ced-3 was 
identified. 

Cosmids that contained this 5.1 kb restriction fragment were identified 
and it was found that these cosmids overlapped an existing cosmid contig that 
had been defined as part of the C. elegans genome project (Coulson et al., 
Proc. Natl. Acad. Sci. S?:7821-7825 (1986). Four other Bristol-Bergerac 
restriction fragment length polymorphisms were defined by cosmids in this 
contig (nP33, np34, nP36, nP37). By mapping these restriction fragment 
length polymorphisms with respect to the genes unc-30, ced-3 and unc-26, the 
physical contig was oriented with respect to the genetic map and the region 
containing the ced-3 gene was narrowed to an interval spanned by three 
cosmids (Fig. 1). By mapping these RFLPs between Bristol and Bergerac 
strains with respect to the genes unc-30 9 ced-3 and unc-26, the physical contig 
was oriented with respect to die genetic map. 
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On Southern blot, three of three + Berg unc-26 recombinants showed 
the Bristol nP33 pattern while two of two ced~3 + Berg recombinants showed 
the Bergerac pattern (data not shown). Thus, nP33 maps very close or to the 
right of unc-26. For nP34, two of two ced-3 + Berg recombinants and two 
of three + Berg unc-26 recombinants showed the Bergerac pattern; one of the 
three + Berg unc-26 recombinant showed the Bristol pattern (data not shown). 
The genetic distance between ced-3 and unc-26 is about 0.2 mu. Thus, nP34 
maps between ced-3 and unc-26, about 0.1 mu to the right of ced-3. Similar 
experiments mapped nP35, the 5.1 kb Bristol specific Tel element, to about 
0.1 mu to the right of ced-3 (data not shown). 

In order to map n36 and nJ7, Bristol unc-30 ced-3 7+ + males were 
crossed with Bergerac hermaphrodites. From the progeny of heterozygotes of 
genotype unc-30 ced-3 (Bristol)/ + 4- (Bergerac), Unc-30 non-ced-3 and non- 
Unc-30 ced-3 animals were picked and DN A was prepared from these strains. 
nP36 maps very close or to the right of unc-30 since two of two unc-30 + 
Berg recombinants showed Bristol pattern and two of two + Berg ced-3 
recombinants showed the Bergerac pattern (data not shown). Similarly, nP37 
maps very close or to the right of unc-30 since four of die four + Berg ced-3 
showed Bergerac pattern and six of six unc-30 + Berg recombinants showed 
the Bristol pattern (data not shown). These experiments narrowed the region 
containing the ced-3 gene to an interval spanned by the three cosmids (Fig. 
la). 

Cosmids that were candidates for containing the ced-3 gene were 
microinjected (Fire, A., EMBO 7. 5:2673-2680 (1986)) into ced-3 mutant 
animals to test for rescue of the mutant phenotype. Specifically, cosmid 
C14G10, which contains the wild-type unc-31 gene and a candidate cosmid 
were coinjected into ced-1 (el 375); unc-31 (e928) ced-3(n71 7) hermaphrodites. 
Non-unc progeny were isolated and observed to see if the non-Unc phenotype 
was transmitted to the next generation, thus establishing a line of transformed 
animals. Young LI progeny of such transformant lines were examined for the 
presence of cell deaths using Nomarski optics to see whether the ced-3 
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phenotype was complemented (see Experimental Procedures). Cosmid C14G10 
alone does not confer ced-3 activity when injected into a ced-3 mutant. 

unc-3 1 was used as a marker for co-transformation (Kim et al. , Genes 
& DeveL 4:357-371 (1990)). ced-1 was present to facilitate scoring of the 
ced-3 phenotype. Mutations in ced-1 block the engulfment process of 
programmed cell death, causing the corpses of dead cells to persist much 
longer than in the wild-type (Hedgecock et al., Science 220:1277-1280 
(1983)). Thus, the presence of a corpse indicates a cell that has undergone 
programmed cell death. The ced-3 phenotype was scored as the number of 
corpses present in the head of young LI animals. 

As indicated in Fig. 1, of the three cosmids injected (C43C9, W07H6 
and C48D1), only C48D1 rescued the ced-3 mutant phenotype. Both non-Unc 
transformed lines obtained, nisi and nEx2 y were rescued. Specifically, LI 
ced-1 animals contain an average of 23 cell corpses in the head, and LI ced-1; 
ced3 animals contain an average of 0.3 cell corpses in the head (Ellis et al., 
Cell 44:817-829 (1986)). By contrast, ced-1; unc-31 ced-3; nisi; and ced-1; 
unc-3 1 ced-3; nEx2 animals contained an average of 16.4 and 14.5 cell 
corpses in the head, respectively. From these results, it was concluded that 
C48D1 contains the ced-3 gene. 

To locate ced-3 more precisely within the cosmid C48D1, this cosmid 
was subcloned and the subclones tested for their ability to rescue the ced-3 
mutant phenotype (Fig. 1 A). From these experiments, ced-3 was localized to 
a DNA fragment of 7.5 kb (pJ7.5). 

A 2.8 kb ced-3 transcript is expressed primarily during embryogenesis 
and independently of ced-4 function 

The 7.6 kb pJ107 subclone of C48D1 (Fig. 1A) was used as a probe 
in a northern blot of polyA+ RNA derived from the wild-type C. elegans 
strain N2. This probe hybridized to a 2.8 kb transcript. Although this 
transcript is present in 11 different EMS-induced ced-3 mutant strains, 
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subsequent analysis has shown that all 1 1 tested ced-3 mutant alleles contain 
mutations in the genomic DNA that encodes this mRNA (see below), thus 
establishing this RNA as a ced-3 transcript. 

The developmental expression pattern of ced-3 was determined by 
hybridizing a northern blot of RNA from animals at different stages of 
development with the ced-3 cDNA subclone pJ118 (see below). The ced-3 
transcript was found to be most abundant during embryogenesis, when most 
programmed cell deaths occur, but was also detected during the LI through 
LA larval stages. It is present in relatively high levels in young adults. 

Since ced-3 and ced-4 are both required for programmed cell death in 
C. elegans, and since both are highly expressed during embryonic 
development (Yuan et al. 9 Dev. 776:309-320 (1992), the possibility existed 
that one of the genes might regulate the mRNA level of the other. Previous 
studies have revealed that ced-3 does not regulate ced-4 mRNA levels (Yuan 
et aL 9 Dev. 776:309-320 (1992)). To determine if ced-4 regulates ced-3 
mRNA levels, a northern blot of RNA prepared from ced-4 mutant embryos 
was probed with the ced-3 cDNA subclone pJ118. It was found that the 
amount and size of the ced-3 transcript was normal in the ced-4 mutants 
n7762, nl416, nlS94 and nl920. Thus, ced-4 does not appear to affect the 
steady-state levels of ced-3 mRNA. 

ced-3 cDNA and Genomic Sequences 

To isolate ced-3 cDNA clones, ced-3 genomic DNA pJ40 (Fig. 1A) 
was used as a probe to screen a cDNA library of the C. elegans wild-type 
strain N2 (Kim et al., Genes & Dev. 4:357-371 (1990)). The 2.5 kb cDNA 
clone pJ87 was isolated in this way. On northern blots, pJ87 hybridized to a 
2.8 kb transcript and on Southern blots, it hybridized only to bands to which 
pJ40 hybridizes (data not shown). Thus, pJ87 represents an mRNA 
transcribed entirely from pJ40 which can rescue the ced-3 mutant phenotype 
when microinjected into ced-3 mutant animals. To confirm that pJ87 contains 



the ced-3 cDNA, a frameshift mutation in the Sail site of pJ40 was made 
corresponding to the Sail site in the pJ87 cDNA. Constructs containing the 
frameshift mutation failed to rescue the ced-3 phenotype when microinjected 
into ced-3 mutant animals (6 transformant lines; data not shown), suggesting 
that ced-3 activity had been eliminated by mutagenizing a region of genomic 
DNA that corresponds to the pJ87 cDNA. 

The DNA sequence of pJ87 is shown in Figure 2C. pJ87 contains an 
insert of 2482 bp with an open reading frame of 503 amino acids. It has 953 
bp of 3' untranslated sequence, not all of which is essential for ced-3 
expression; genomic constructs that do not contain 380 bp of the 3 '-most 
region (pJ107 and its derivatives, see Fig. la) were capable of rescuing ced-3 
mutant phenotype. The cDNA ends with a poly-A sequence, suggesting that 
the complete 3' end of the ced-3 transcript is present. 

To confirm the DNA sequence obtained from the ced-3 cDNA and to 
study the structure of die ced-3 gene, the genomic sequence of the ced-3 gene 
from the plasmid pJ107 was determined. The insert in pJ107 is 7656 bp in 
length (Fig. 2). 

To determine the location and nature of the 5* end of the ced-3 
transcript, a combination of primer extension and amplification using the 
polymerase chain reaction (PCR) was used. Two primers, Pexl and Pex2, 
were used for primer extension. The Pexl reaction yielded two major bands, 
whereas the Pex2 reaction gave one band. The Pex2 band corresponds in size 
to the smaller band from the Pexl reaction, and agrees in length with a 
possible transcript that is trans-spliced to a C. elegans splice leader (Bektesh 
et al., Genes and Dev. 2:1277-1283 (1988)) at a consensus splice acceptor at 
position 2166 of the genomic sequence. The nature of the larger Pexl band 
is unclear. 

To confirm these observations, wild-type total RNA was reverse- 
transcribed and then amplified using the primers SL1 and log-5 followed by 
reamplification using the primers SL1 and oligolO. A product of the expected 
length was cloned into the PCR1000 vector (invitrogen) and sequenced. The 
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sequence obtained confirmed the presence of a ced-3 message trans-spliced to 
SL1 at position 2166 of the genomic sequence. These experiments suggest 
that a ced-3 transcript is trans-spliced to the C elegans splice leader SL1 
(Bektesh et al„ Genes and Dev. 2:1277-1283 (1988)) at a consensus splice 
acceptor at position 2166 of the genomic sequence. Based upon these 
observations, it is concluded that the start codon of ced-3 protein is the 
methionine encoded at position 2232 of the genomic sequence and that the 
ced-3 protein is 503 amino acids in length. 

The predicted ced-3 protein is hydrophilic (256/503 residues are 
charged or polar) and does not contain any obvious potential trans-membrane 
domains. One region of the ced-3 protein is rich in serines: from amino acid 
107 to amino acid 205, 32 of 99 amino acids are serine residues. 

The sequences of 12 EMS-induced ced-3 mutations (Table 1) were 
determined. Eight are missense mutations, three are nonsense mutations, and 
one alters a conserved G at the splice acceptor site of intron 6. Interestingly, 
nine of these 12 mutations alter residues within the last 100 amino acids of the 
protein, and none occurs within the serine-rich region. 
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Table 1. Sites of mutations in the ced-3 gene. 



Allele 


Mutation 


Nucleotide 


Codon 


Consequence 


n717 


G to A 


6297 




Altered splicing 


n7J8 


G to A 


2487 


65 


G to R 


nl04O 


CtoT 


2310 


27 


L to F 


nl!29 & nl64 


CtoT 


6434 


449 


Ato V 


n!163 


CtoT 


7020 


486 


StoF 


nil 65 


CtoT 


5940 


403 


Nonsense 


n!286 


G to A 


6371 


428 


Nonsense 


nl949 


CtoT 


6222 


412 


Nonsense 


n2426 


G to A 


6535 


483 


E to K 


n2430 


CtoT 


6485 


466 


Ato V 


n2433 


G to A 


5757 


360 


G to S 



Nucleotide and codon positions correspond to the numbering in Fig. 2. 

To identify functionally important regions of the ced-3 protein, the 
genomic sequences of the ced-3 genes from the related nematode species C. 
briggsae and C vulgaris were cloned and sequenced. Sequence comparison 
of the three ced-3 genes showed that the relatively non-serine-rich regions of 
the proteins are more conserved than are serine-rich regions (Fig. 3A). AH 
12 EMS-induced ced-3 mutations altered residues that are conserved among 
the three species. These results suggest that the non-serine-rich region is 
important for ced-3 function and that the serine rich region is either 
unimportant or that residues within it are functionally redundant. 

ced-3 protein is similar to the mammalian ICE and Nedd-2 proteins 

A search of the GenBank, PIR and SW1SS-PROT databases revealed 
that the non-serine-rich regions of the ced-3 protein are similar to human and 
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murine interleukin-10 (IL-1/8) convertases (ICE) (Fig. 3A). ICE is a cysteine 
protease that cleaves the inactive 3 1 KD precursor of IL-1/3 between Asp 116 and 
Ala 117 releasing a carboxy-terminal 153 amino-acid peptide known as mature 
IL-10 (Kostura et al, Proc. Natl. Acad. Sci., USA 56:5227-5231 (1989); 
Black et al., FEBS Lett. 247:386-390 (1989)). The most highly conserved 
region among the proteins shown in Figure 3A consists of amino acids 246- 
360 of the ced-3 protein and amino acids 166-287 of the human ICE protein: 
49 residues are identical (43% identity). The active site cysteine of human 
ICE is located at cysteine 285 (Thornberry et al., Nature 556:768-774 (1992)). 
The five-amino-acid peptide (QACRG) around this active cysteine is the 
longest conserved peptide among the murine and human ICE proteins and 
ced-3 proteins from nematodes. 

Human ICE is composed of two subunits (p20 and plO) that appear to 
be proteolytically cleaved from a single proenzyme by the mature enzyme 
(Thornberry et of., Nature 556:768-774 (1992)). Two cleavage sites in the 
proenzyme, Asp-Ser at positions 103 and 297 of ICE, are conserved in ced-3 
(position 131 and 371, respectively). 

The C-terminal portion of the ced-3 protein and the plO subunit of ICE 
are similar to the protein product of the murine nedd-2 gene, which is highly 
expressed during embryonic brain development and is down-regulated in adult 
brain (Kumar et al., Biochem and Biophy. Res. Comm. 755:1155-1161 
(1992)). The ced-3 and nedd-2 proteins, and the ICE and nedd-2 proteins are 
27% identical (Fig. 3A). The nedd-2 protein does not contain the QACRG 
peptide at the active site of ICE (Fig. 3A). Seven of eight point mutations that 
were analyzed (n718, nl040, nlI2% n!164 9 n2430 9 n2426 & n2433) result in 
alterations of amino acids that are conserved or semi-conserved among the 
three nematode ced-3 proteins, ICE and the nedd-2 protein. In particular, the 
mutation, n2433, introduces a Gly to Ser change near the putative active 
cysteine (Fig. 2, Table 1). 
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Discussion 

The genes ced-3 and ced-4 are the only genes known to be required for 
programmed cell death to occur in C. elegans (Ellis et aL, Cell 44:817-829 
(1986)). Genetic and molecular studies have revealed that the ced-3 gene 
shares a number of features with ced-4. Like ced-4 (see Yuan et al., Dev. 
776:309-320 (1992)), ced-3 is not required for viability. It appears to encode 
a single mRNA which is expressed mostly in the embryo, the stage during 
which 1 13 of the 131 programmed cell death occur. Furthermore, just as ced- 
3 gene function is not required for ced-4 gene expression (Yuan et al., Dev. 
776:309-320 (1992)), ced-4 gene function is not required for ced-3 gene 
expression. Thus, these two genes do not appear to control the onset of 
programmed cell death by acting sequentially in a transcriptional regulatory 
cascade. Unlike ced-4 (Yuan et al., Dev. Biol. 758:33-41 (1992)), ced-3 is 
expressed at a substantial level in young adults, this observation suggests that 
ced-3 expression might not be limited to cells undergoing programmed cell 
death. 

The ced-4 protein is novel in sequence, and the only hint concerning 
its function is that two regions of the protein show some similarity to the EF- 
hand motif, which binds calcium (Yuan et al., Dev. 776:309-320 (1992)). For 
this reason it has been suggested that the ced-4 protein and hence programmed 
cell death in C. elegans might be regulated by calcium. However, no direct 
evidence for this hypothesis has yet been obtained. The ced-3 protein 
similarly contains a region that offers a clue about possible biochemical 
function: a region of 99 amino acids contains 32 serines. Since serines are 
common phosphorylation sites (Edelman et al., Ann. Rev. Biochem. 56:567- 
613 (1987)), it is possible that the ced-3 protein and hence programmed cell 
death in C. elegans is regulated by phosphorylation. Phosphorylation has 
previously been suggested to function in cell death. McConkey et al. 
(McConkey et al., J. Immunol 745:1227-1230 (1990)) have shown that 
several agents that can elevate cytosolic cAMP level induce thymocyte death, 
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suggesting that protein kinase A may mediate cell death by phosphorylating 
certain proteins. Although the precise sequence of the serine-rich region 
varies among the three Caenorhabditis species studied, the relatively high 
number of serines is conserved in C. elegans, C. briggsae and C. vulgaris. 
None of the mutations in ced-3 affect the serine-rich region. These 
observations are consistent with the hypothesis that the presence of serines is 
more important than the precise amino acid sequence within this region. 

Much more striking than die presence of the serine-rich region in the 
ced-3 protein is the similarity between the non-serine-rich regions of ced-3 and 
die human and murine interleukdn-1/3 converting enzyme (ICE). Human ICE 
is a substrate-specific protease that cleaves 31 KD prointerleukin-10 at Asp 116 - 
Ala 117 to produce the mature 17.5 kD interleukin-10 IHj8 is a 

cytokine involved in mediating a wide range of biological responses including 
inflammation, septic shock, wound healing, hematopoiesis and growth of 
certain leukemias (Dinarello, C.A., Blood 77:1627-1652 (1991); diGiovine 
etal., Today 11:13 (1990)). A specific inhibitor of ICE, die crmA gene 
product of Cowpox virus, prevents the proteolytic activation of interleukin-1 0 
(Ray et al., Cell 69:597-604 (1992)) and inhibits host inflammatory response 
(Ray et al., Cell 69:597-604 (1992)). Cowpox virus carrying a deleted crmA 
gene is unable to suppress the inflammatory response of chick embryos, 
resulting in a reduction in the number of virus-infected cells and less damage 
to the host (Palumbo et aL, Virology 777:262-273 (1989)). This observation 
indicates the importance of ICE in bringing about the inflammatory response. 

The carboxy half of the ced-3 protein is the region most similar to ICE. 
A stretch of 115 residues (amino acids 246-360 of ced-3) is 43% identical 
between the ced-3 and ICE proteins. This region contains a conserved 
pentapeptide QACRG (positions 361-365 of die ced-3 protein), which 
surrounds the active cysteine of ICE. Specific modification of this cysteine in 
human ICE results in complete loss of activity (Thronberry et al., Nature 
356:768-774 (1992)). The ced-3 mutation n2433 alters the conserved glycine 
in this pentapeptide and eliminates ced-3 function, suggesting that this glycine 
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is important for ced-3 activity and might be an integral part of the active site 
of ICE. Interestingly, the mutations n718 (position 67 of ced-3) and n!040 
(position 27 of ced-3) eliminate ced-3 function in vivo yet they contain 
alterations in conserved residues which are outside of mature P20 subunit of 
ICE (Thronberry et al., Nature 356: 768-774 (1992)). Perhaps these residues 
have a non-catalytic role in both ced-3 and ICE function, e.g. they may 
maintain a proper conformation for proteolytic activation. The ICE precursor 
(p45) is proteolytically cleaved at 4 sites of ICE (Aspl03, Aspll9, Asp297 
and Asp316) to generate p24, p20, and plO (Thronberry etal., Nature 
356:768-774 (1992)). At least two of the cleavage sites are conserved in ced-3 
indicating that the ced-3 product might be processed as well. 

The similarity between the ced-3 and ICE proteins strongly suggests 
that ced-3 might function as a cysteine protease in controlling programmed cell 
death by proteolytically activating or inactivating a substrate protein. One 
potential substrate for ced-3 might be the product of the ced-4 gene which 
contains 6 Asp residues that might be the target of ced-3 protein (Asp25, 
AsplSl, Aspl85, Aspl92, Asp459 and Asp541). Alternatively, the ced-3 
protein might directly cause cell death by proteolytically cleaving certain 
proteins or subcellular structures that are crucial for cell viability. 

ced-3 and ICE are part of a novel protein family. Thornberry et al. 
suggested that the sequence GDSPG at position 287 of ICE resembles a 
GX(S/C)XG motif found in serine and cysteine protease active sites {Nature 
J56:768-774 (1992)). However, in the three nematode ced-3 proteins 
examined, only the first glycine of this sequence is conserved and in mouse 
ICE the S/C is missing. This suggests that the ced-3/ICE family shares little 
sequence similarity with known protease families. 

The similarity between ced-3 and ICE suggests, not only that ced-3 
functions as a cysteine protease, but also that ICE functions in programmed 
cell death in vertebrates. Consistent with this hypothesis, it has been observed 
that after murine peritoneal macrophages are stimulated with 
lipopolysaccharide (LPS) and induced to undergo programmed cell death by 
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exposure to extracellular ATP, mature active IL-1/3 is released into the culture 
supernatant. In contrast, when cells are injured by scraping, IL-1/3 is released 
exclusively as the inactive proform (Hogoquist et al., Proc. Natl. Acad. USA 
88:8485-8489 (1991)). These results suggest that ICE is activated upon 
induction of programmed cell death. ICE transcript has been detected in cells 
that do not make IH0 (Cerretti et al., Science 256:97-100 (1992)), 
suggesting that other ICE substrates exist. This suggests that ICE could 
mediate programmed cell death by cleaving a substrate other than IHjS. 

The carboxy-terminal portions of both the ced-3 protein and the plO 
subunit of ICE are similar to the protein encoded by the murine nedd-2 gene, 
which is expressed preferentially during early embryonic brain development 
(Kumar et al., Biochem and Biophy. Res. Comm. 185: 1155-1 161 (1992)). 
Since the nedd-2 protein lacks the QACRG active domain, it might function 
to regulate an ICE or /CE-Hke p20 subunits. Interestingly, four ced-3 
mutations alter residues conserved between the nedd-2 and ced-3 proteins and 
nedd-2 gene expression is high during embryonic brain development, when 
much programmed cell death occurs. These observations suggest that nedd-2 
might function in programmed cell death. 

The C. elegans gene ced-9 protects cells from undergoing programmed 
cell death by directly or indirectly antagonizing the activities of ced-3 and ced- 
4 (Hengartner et al, Nature 356:494-499 (1992)). The vertebrate gene bcl-2 
acts in a way functionally similar to ced-9. Overexpression of bcl-2 protects 
or delays the onset of apoptotic cell death in a variety of vertebrate cell types 
as well as in C. elegans (Vaux et al. f Science 258:1955-1957 (1992); Nunez 
et al., J. Immun. 74*3602-3610 (1990); Vaux et al., Science 258:1955-1957 
(1992); Sentman et al., Cell 67:879-888 (1992); Strasser et al., Cell 67:889- 
899 (1991)). Thus, if ICE or another ced-3/ICE family member is involved 
in vertebrate programmed cell death, it is possible that bcl-2 could act by 
modulating its activity. The feet that bcl-2 is a dominant oncogene 
(overexpression of bcl-2 as a result of chromosomal translocation occurs in 
85% of follicular and 20% of diffuse B cell lymphomas, Fukuhara et al., 
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CancerRes. 39:3119 (1979); Levine et al., Blood 66:1414 (1985); Yunis 
etal. y N. Engl. J. Med. 376:79-84 (1987)) suggests that ICE and other 
ced-3/ICE family members might be recessive oncogenes. The elimination of 
such cell death genes would prevent normal cell death and promote 
5 malignancy, just as does overexpression of bcl-2. 

Example 2 

The mouse homolog of human ICE from a mouse thymus cDNA 
library (Stratagene) was cloned by low stringency hybridization using human 
ICE as a probe. This clone, named "mICE"* is identical to the clone isolated 

10 by Net et al. (7. Immun. 749:3245-3259 (1992)) except that base pair 166 is 

an A and, as a result, Asn is encoded rather than Asp. This may be a DNA 
polymorphism since the isolated clone was from a thymus cDNA library 
(Stratagene) of mouse B6/CBAF1J (C57Black x CBA) strain while Nett's clone 
was from a WEH13 cell cDNA library (Stratagene). Subsequent experiments 

15 have shown that this DNA polymorphism is in a region which is not essential 

for ICE function (see below). Thus, the presence of Asn rather than Asp 
should have no effect on the results obtained. 

In order to circumvent the difficulty of establishing a permanent cell 
line that expresses ICE in high levels, a transient expression system was 

20 developed to determine if overexpression of mICE kills cells. mICE cDNA 

was fused with the E. coli lac-Z gene and the product so produced was placed 
under the control of chicken 0-actin promoter (Fig. 4). The active ICE 
protein is known to have two subunits, P20 and PIO, which are processed 
from a precursor peptide (Thornberry et al. , Nature 356:768-774 (1992)). To 

25 test the function of the subunits, two additional fusion genes were made, 

P20/P10-lacZ and PlO-lacZ. 

The constructs shown in Fig. 4 were transfected into rat 1 cells by 
calcium phosphate precipitation. 24 hours after transfection, cells were fixed 
and X-gal was added to begin the color reaction. It was found that, after 3 
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hours of color development, most blue cells transfected with intact mICE-lacZ 
or P20/P10-lacZ were round, whereas most blue cells transfected with P10- 
lacZ or the control lac-Z construct were normal, flat cells (Table 2). Similar 
results were obtained with another cell line, NG108-15 neuronal cells. 
5 Healthy living rat cells are flat and well-attached to plates whereas dying cells 

are round and often float into the medium. 



Table 2. Overexpression of mICE causes rat-1 cells to undergo programmed cell 
death. The constructs shown in Fig. 4 are transiently transfected into rat-1 cells, rat-1 
cells expressing bcl-2 (vst-lfbcl-2) or rat-1 cells expressing crmA (m-l/crmA). 24 
10 hrs after transfection, cells are fixed and stained with X-gal for 3 hrs. The data 

shown are the percentage of round blue cells among total number of blue cells. The 
data are collected from at least three different experiments. 



Construct 


rat-1 


rat-l/frc/-2 


mt-l/crmA 


pActbGaT 


1.44 ± 0.18 


2.22 ± 0.53 


2.89 ± 0.79 


p/SActMIOZ 


80.81 ± 2.33 


9.91 ± 2.08 


18.83 ± 2.86 


pjSActMUZ 


93.33 ± 2.68 


13.83 ± 4.23 


24.48 ± 2.78 


p/3actM19Z 


2.18 ± 0.54 






p/SActM12Z 


2.44 ± 0.98 


3.33 ± 1.45 


2.55 ± 0.32 


p0actl7Z 


2.70 ± 1.07 






pJ485 


1.32 ± 0.78 






pj3Actced38Z 


46.73 ± 4.65 


35.28 ± 1.36 


34.40 ± 2.38 


p/?Actced37Z 


3.67 ± 1.39 







Methods : a: Construction of bcl-2 expressing vector (pJ415): pJ415 
was constructed by first inserting 5', the 400bp Bglllf BamHl crmA 

25 fragment into the BamHl site of the pBabe/puro vector and then 

inserting the remaining lkb BamHl crmA fragment into the 3' BamHl 
site in the sense direction, b: Construction of the bcl-2 expressing 
vector (pJ436): pJ436 was constructed by inserting an EcoHl/Sall bcl-2 
fragment into the EcdSHSaH sites of the pBabe/puro vector, c: 

30 Establishing Rat-1 cell lines that overexpress crmA and bcl-2: pJ415 

and pJ436 were electroporated into ^CRE retroviral packaging cells 
(Danos et al., Proc. Natl. Acad. Sci. U.S.A. $5:6460-6464 (1988)) 
using a BioRad electroporating apparatus. Supernatant either from 
overnight transiently transfected ¥CRE cells or from stable lines of 
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^CRE cells expressing either crmA or bcl-2 were used to infect Rat-1 
cells overnight in the presence of 8 jig/ml of polybrene. Resistant 
cells were selected using 30 ug/ml puromycin for about 10 days. 
Resistant colonies were cloned and checked for expression using both 
Northern and Western blots. Bcl-2 antibodies were from S.J. 
Korsmeyer and from DAKO. crmA antisera was made by immunizing 
rabbits with anm E. coff-expressed crmA fusion protein (pJ434). pJ434 
was made by inserting an EcoHlfSaR fragment of crmA cDNA into 
EcoRl/Sall sites of pET21a (Novagen) and fusion protein was 
expressed in the E. coli BL21 (DE3) strain. Multiple lines that express 
either bcl-2 or crmA were checked for suppression of rnlCE induced 
cell death and all showed similar results. 

When cells were stained with rhodamine-coupled anti-j5 galactosidase 
antibody and Hoechst dye, it was found that galactosidase-positive round cells 
had condensed and fragmented nuclei. Such nuclei are indicative of 
programmed cell death. When observed in an electron microscope, the X-gal 
reaction product was electron dense, allowing ICE-lacZ expressing cells to be 
distinguished from other cells (Snyder etal. 9 Cell 68:33-51 (1992)). The 
chimeric gene expressing cells showed condensed chromatin and membrane 
blebbing. These are characteristics of cells undergoing programmed cell death 
(Wyllie, A.H., in Cell Death in Biology and Pathology, 9-34 (1981); 
Oberhammer et al. y Proc. Natl. Acad. Sci. U.S.A. 89:5408-5412 (1992); 
Jacobson et a/., Nature 367:365-369 (1993)). Thus, the results indicate that 
overexpression of mICE induces programmed cell death and induction depends 
on both P20 and P10 subunits. 

When color development in rat-1 cells transfected with mICE-lacZ or 
P20/P10-lacZ is allowed to proceed for 24 hours, a greater number of flat 
cells turn blue. This result indicates that a lower level of ICE activity can be 
tolerated by cells. 

If mICE is a vertebrate homolog of ced-3, then ced-3 might also be 
expected to cause cell death in vertebrates. This hypothesis was tested by 
making a ced-3-lacZ fusion construct and examining its ability to cause cell 
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death using the assay as described above. As expected, the expression of ced-3 
caused the death of rat cells (Table 2). 

If mICE functions in a similar way to ced-3, another prediction is that 
mutations eliminating ced-3 activity in C elegans should also eliminate its 
activity in vertebrates. This hypothesis was tested by mutating the Gly residue 
in the pentapeptide active domain of ICE y QACRG, to Ser. It was found that 
this mutation eliminated the ability of both mICE and ced-3 to cause rat cell 
death (Table 2). 

The cowpox gene crmA encodes a 38 kD protein that can specifically 
inhibit ICE activity (Ray et al., Cell 69:597-604 (1992)). To demonstrate that 
cell death caused by overexpression of mICE is due to the enzymatic activity 
of ICE protein, rat-1 cells were infected with a pBabe retroviral construct 
(Morgenstern et al., NucL Acids Res. 78:3587-3596 (1990)) expressing crmA 
and cell lines were identified which produce a high level of crmA protein. 
When the mICE-lacZ construct was transfected into these cell lines, it was 
found that a large percentage of blue cells had a healthy, flat morphology 
(Table 2). In addition, a point mutation that changes the Cys residue in the 
active site pentapeptide, QACRG to a Gly eliminates the ability of ICE to 
cause cell death (construct p£actM17Z, Figure 4, Table 2). This result 
indicates that the proteolytic activity of ICE is essential to its ability to kill 
cells. 

In mammals, bcl-2 prevents certain cells from undergoing programmed 
cell death (Vaux et al., Nature 555:440-442 (1988); Nunez et at., J. Immun. 
74*3602-3610 (1990); Strasseref al., Cetf67:889-899(1991);Sentmanef al., 
Cell 67:879-888 (1991)). Expression of bcl-2 in the nematode C. elegans has 
been shown to partially prevent programmed cell death. Thus, bcl-2 is 
functionally similar to the C. elegans ced-9 gene (Vaux et al., Science 
258:1955-1957 (1992); Hengartner et al., nature 556:494-499 (1992)). 

Rat-1 cells were infected with the pBabe retroviral construct expressing 
bcl-2. Transfection of the mICE-lacZ fusion construct into the cells lines 
overexpressing bcl-2 showed that a high percentage of blue cells were now 
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healthy (Table 2). Thus, cell death induced by overexpression of mICE can 
be suppressed by bcl-2. This result indicates that cell death induced by 
overexpression of mICE is probably caused by activation of a normal 
programmed cell death mechanism. The amino acid sequence of ICE is 
5 similar to C. elegans ced-3 y which functions in initiating programmed cell 

death during development. Thus, vertebrate animals may have a genetic 
pathway of programmed cell death similar to that of C. elegans (Fig. 5). 

Example 3 

As described above, the genes in the ICE/ced-3 family would be 
10 expected to function during the initiation of programmed cell death. In order 

to identify additional members of this gene family, cDNA encoding human 
interleukin-1/3 converting enzyme (ICE) was used to screen a mouse thymus 
cDNA library (Stratagene) under conditions of low stringency. Using this 
procedure, a new gene was identified and named n mICE2" (see Figure 6 for 
IS the cDNA sequence and deduced amino acid sequence of mICE2). 

Figures 7 and 7A shows that the protein encoded by mICE2 contains 
significant homology to both human and murine interleukin-1/3 converting 
enzyme (/CE), as well as to the C. elegans cell death gene, ced-3. The 
sequence homology indicates that mICE2 y like mICE 7 is a vertebrate cell death 
20 gene. 

Northern blot analyses showed that, unlike mICE, which is broadly 
expressed during embryonic development, the expression of mICE2 is 
restricted to the thymus and placenta, areas where cell death frequently occurs. 
In addition, it was found that the expression of mICE2 in the thymus can be 
25 induced by dexmethosome, an agent which causes thymus regression. It is 

concluded that mICE2 is a thymus/placenta specific vertebrate cell death gene. 
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Example 4 

Extensive cell death occurs in the developing nervous system 
(Oppenheim, R. W., Ann. Rev. Neurosci. 745:453-501 (1991)). Many 
neurons die during the period of synapse formation. During this critical 

5 period, the survival of neurons depends on the availability of neural trophic 

factors. The survival of isolated primary neurons in vitro depends critically 
on the presence of such trophic factors (Davies, A.M., Development 100: 185- 
208 (1987)). Removal of such factors induces neuronal cell death, usually 
within 48 hrs. The death of the sympathetic neurons and sensory neurons 

10 whose survival depends on one or more members of the nerve growth factor 

family (nerve growth factor, brain-derived neurotrophic factor, and 
neurotrophin-3) can be rescued by microinjection of bcl-2 expression vector 
(Garcia, L, et al. 9 Science 258:302-304 (1993); AUsopp et a/L, 1993). To 
examine if the genes in the Ice/ced-3 family may be responsible for neuronal 

15 cell death, the ability of crmA to inhibit the death of chicken dorsal root 

ganglionic neurons induced by NGF removal was examined. It was found that 
microinjection of an expression vector containing crmA inhibits the death of 
DRG neurons as effectively as that of a bcl-2 expression vector (Gagliardini, 
V., et of., Science 265:826-828 (1994)). This result demonstrated that the 

20 genes in die Ice/ced-3 family may play a key role in regulating neuronal cell 

death during development 

Example 5 

Results 

Cloning of Ich-1 



25 The protein product of the C. elegans cell death gene, ced-3, is 

homologous to the product of the mouse gene, nedd-2, isolated by Kumar 



-58- 



et al. as part of a group of genes that are down regulated during late mouse 
brain development (Kumar et al., Biochem. Biophys. Res. Commun. 185:1 155- 
1161 (1992); Yuan, J., et al., Cell 75:641-752 (1993)). The nedd-2 cDNA 
in the data bank has an open reading frame of 171 amino acids and has long 
3' and 5' untranslated regions. This 171 -amino acid nedd-2 protein does not 
contain the active domain, QACRG, of ICE and ced-3 proteins and is 
homologous only to the P10 subunit of mammalian interleukin-lj8 converting 
enzyme (ICE) and the C-terminal part of the ced-3 protein. While analyzing 
nedd-2 cDNA, the inventors discovered that it contains the sequence that can 
potentially encode a QACRG pemapeptide, but that the sequence is in another 
reading frame. The inventors considered the possibility that the nedd-2 cDN A 
isolated by Kumar et al. contains cloning artifacts and that another nedd-2 
transcript could encode a protein homologous to both the P20 and P10 subunits 
of ICE. 

A mouse nedd-2 probe was made by polymerase chain reaction (PCR). 
Using this mouse nedd-2 probe, three cDNA libraries were screened: a mouse 
embryonic day 11.5 cDNA library from CLONTECH (one million clones 
screened), a human fetal brain cDNA library from James Gusella's laboratory 
(10 million clones screened) and a human fetal brain cDNA library from 
Stratagene (one million clones screened). The longest positive cDNA clones 
were obtained from the Stratagene cDNA library. From the Stratagene 
library, two cDNA species (pBSH37 and pBSH30) were identified that encode 
two closely related proteins homologous to the mouse nedd-2 protein. The 
insert of pBSH37 (2.5 kb) encodes a protein that contains amino acid sequence 
similarities to both the P20 and P10 subunits of ICE and entire ced-3 protein. 
The insert of pBSH30 (2.2 kb) contains a 61 bp additional sequence one 
basepair after the sequence encoding QACRG which causes an early 
termination of protein translation. The Northern blot analysis showed that 
expression patterns of this human gene are different from the expression of 
nedd-2 reported by Kumar et al. (see below); thus, the sequences were 
renamed Ich-1 L (pBSH37) (Figure 12A) and Ich-l s (pBSH30) (Figure 12B). 
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Ich-l s cDNA differs from Ich-1 L at two locations. The first difference 
is at the beginning of the coding region. The putative first methionine of 
Ich-l s is 15 amino acids downstream from the first methionine of Ich-1 L 
because the beginning 35 bp of Ich-1 s is different from lch-l L and includes a 
stop codon (Figure 12B)> PCR analysis using primers specific to the first 35 
bp of Ich-1 and the /cA-Z^-specific intron (see below) and human placenta 
cDNA as template amplified a DNA fragment of predicted size, suggesting 
that the 35 bp Ich-1 ^-specific sequence is not a cloning artifact and is present 
in the endogenous Ich-1 s mRNA (data not shown). 

The second difference is after the active domain QACRG. lch-l s 
begins to differ from Ich-1 L one basepair after the coding region of the active 
site QACRG. The difference is caused by an insertion of 61 bp sequence, 
which results in a termination codon 21 amino acids downstream from the 
insertion. The last two identical basepairs of Ich-1 s and Ich-1 L are AG, the 
general eukaryotic splicing donor consensus sequence (Mount, 1982). 

Mouse genomic DNA of Ich-1 was cloned. Analysis of mouse 
genomic Ich-1 DNA showed that the 61 bp is from an intron, whose sequence 
is identical between human and mouse Ich-1. This difference between Ich-1 s 
and Ich-1 L is caused by alternative use of two different 5' splicing donor 
sequences. A schematic diagram of Ich-1 L and Idt-l s is shown in Fig. 13. As 
the result of an insertion of an intron between coding regions, the open 
reading frame of Ich-1 s is broken into two: the first one encodes a 312 amino 
acid peptide homologous to die P20 subunit of ICE only and the second 
encodes a 235 amino acid peptide homologous to a part of the P20 subunit and 
the P10 subunit of ICE. The second is almost identical to the mouse nedd-2 
protein (Figures 12 and 13). The data suggest that only the first reading frame 
is translated in cells (see below). 

Ich-1 L protein contains similarities to both ICE (27 % identity and 52 % 
similarity) and ced-3 (28% identity and 52% similarity) (Figure 14). Thus, 
die homology between Ich-1 and ced-3 y Ich-1 and ICE is about equal. 
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Ich-1 is expressed in many tissues and THP-1 cells which express 
interleuldn-lfi converting enzyme 

To characterize the function of Ich-1 y the expression pattern of Ich-1 
was examined. Northern blot analysis of human fetal heart, brain, lung, liver 
and kidney tissue using the insert of pBSH37 as a probe hybridizing to both 
Ich-1 s and Ich-1 L transcripts, revealed that 4 kb Ich-1 mRNA is expressed at 
low level in about same amount in all tissues examined. When the same 
Northern blot was analyzed using Ich-l s 61bp intron as a probe (which 
hybridizes td Ich-1 s transcript only), it showed that Ich-1 s was expressed in a 
larger amount in the embryonic heart and brain than in the lung, liver and 
kidney. This result suggests that in the embryonic lung, liver and kidney, 
Ich-1 L is expressed in a larger amount than Ich-1 5 . In Northern blot analysis 
of adult RNA with pBSH37 probe, Ich-1 is detected in all the tissues 
examined: its level is higher in placenta, lung, kidney, pancreas than in heart, 
brain, liver and skeletal muscle. 

To examine whether Ich-1 and ICE are expressed in the same cells, a 
Northern blot of THP-1 cells was analyzed. Ice expression has been detected 
in these cells (Thornberry, N. A., et a/., Nature 556:768-774 (1992); Cerretti, 
D. P., et al. y Science 256:97-100 (1992)). The inventors found tint Ich-1 can 
be detected in THP-1 cells. Thus, Ich-1 and ICE arc both expressed in THP-1 
cells. 

Using quantitative RT-PCR, we examined the expression of ICE and 
Ich-1 in the normal living T-cell hybridoma DO11.10 cells (Haskins, K., 
etal. y Exp. Med. 757:1149-1169 (1983)) as well as dying DO11.10 cells in 
serum-deprived condition. Similar to THP-1 cells, the expression of both ICE 
and Ich-1 can be detected in DO11.10 cells. Interestingly, the expression 
levels of both Ich-1 L and ICE appear to increase in dying DO 1 1 . 10 cells under 
serum-deprived condition. 



WO 95/00160 



-61- 



PCTAUS94/06630 



Overexpression of Ich-1 L induces rat-1 fibroblast death 

To examine the function of Ich-1 Ll the same transient expression system 
used for ICE (Miura, M., etal., Cell 75:653-660 (1993)) was used to 
determine if overexpression of Ich-1 induces programmed cell death. The 
human Ich-1 L cDNA was fused with the Escherichia coli lacZ gene and the 
fused gene was placed under the control of the chicken /3-actin promoter 
(p/?actH37Z). This fusion gene was transfected into Rat-1 cells by 
lipofectamine mediated gene transfer and the expression of the gene was 
examined using the X-gal reaction. Results showed that most of the blue 
(X-Gal-positive) Rat-1 cells transfected with p/3actH37Z were round. These 
results are similar to those obtained with cells transfected with mlce-lacZ 
fusion sequence (Table 1). In contrast, most blue cells transfected with vector 
alone were flat and healthy. Live Rat-1 cells are flat while dying Rat-1 cells 
are round and eventually detached from plates. This result suggests that the 
expression of Ich-1 L induces Rat-1 cells to die. 

To examine whether the cell death induced by Ich-1 has any cell type 
specificity and to compare its effect with that of ICE, mlce-laeZ and Ich-1 -lacZ 
fusion constructs were transfected to HeLa cells, NG108-15 cells, and COS 
cells. The cell killing effect was assayed as before (Table 1). The results 
showed that compared to controls, the cytotoxic effect of Ich-1 and ICE 
exhibit certain cell type specificities. Expression of either Ich-1 or ICE kill 
Rat-1 cells and HeLa cells effectively (>90% dead). NG108 cells are more 
resistant to Ich-1 and ICE expression than Rat-1 cells and HeLa cells (68-80% 
dead). Expression of either Ich-1 or ICE cannot kill COS cells (Table 1). 

To examine the nuclear morphology of the cell death induced by Ich-1 
expression, the Ich-1 L -lacZ Rat-1 cell transfectants were stained with a 
rhodamine-coupled anti-/9-galactosidase antibody and Hoechst dye. Results 
showed that 0-galactosidase-positive round cells have condensed and 
fragmented nuclei. This is one of the characteristics of cells undergoing 
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apoptosis. Thus, the results suggest that overexpression of Ich-1 u like that of 
ICE, causes Rat-1 cells to undergo programmed cell death. 

To determine if cell death caused by overexpression of lch-l L is 
specific, three mutant Ich-1 L fusion proteins were made: the first was a Ser -* 
Cys 303 in the active site of Ich-1, the second was a Thr Ala 352 in the 
putative P10 subunit and the third with a Phe -* Leu 212 in the putative P20 
subunit (Fig. 14). The Ala 352 in P10 and Leu 212 in P20 are two amino 
acid residues of ced-3 that are conserved in Ich-1 but not in ICE. The mutant 
Ich-1 L -lacZ fusion constructs were transfected into Rat-1 cells and the 
expression was examined by X-gal reaction as before. 

The analysis revealed that the S303C and T352A mutations eliminated 
the activity of Ich-1 completely (Table 1) while F212L mutation caused a 
reduction of cell killing activity of Ich-1 L (Table 1). These results suggest that 
the ability of Ich-1 to cause cell death depends upon its enzymatic activity and 
that only some characteristics of ced-3 are conserved in Ich-1 . 

The cell death induced by overexpression of Ice can be inhibited by 
bcl-2 and crmA (Miura, M., et al. y Cell 75:653-660 (1993)). To examine if 
the cell death induced by expression of Ich-1 could also be inhibited by bcl-2 
and crmA, Ich-1 L -lacZ fusion construct was transfected into Rat-1 cells that 
overexpress either bcl-2 or crmA (Miura, M., et al. 9 Cell 75:653-660 (1993)). 
Cell death was assayed as described for Table 1. The results showed that the 
cell death induced by overexpression of Ich-1 could be inhibited effectively by 
bcl-2 but only marginally by crmA. 

Expression of Ich-1 s protects Rat-1 fibroblast death 

Since Ich-1 s contains two open reading frames, it was important to 
determine which reading frame is functionally translated: Ich-1 s was translated 
in the presence of ^-methionine using in vitro transcribed RNA in a 
reticulocyte lysate as described in Experimental Procedures. The translated 
products were run on an SDS-polyacrylamide gel with molecular weight 
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standards. Ich-l s anti sense RNA was used as a negative control. Results 
showed that only the first reading frame was translated. 

Second, E. coli lacZ gene was fused to the ends of first (p/?actH30Zl) 
and second (p)3actH30Z2) open reading frames. The constructs were 
separately transfected into Rat-1 cells and the cells were assayed for color 
using the X-gal reaction. Results showed that only when LacZ gene was fused 
to the end of the first open reading frame (but not the second open reading 
frame) could blue cells be detected. Thus, it is most likely that only the first 
open reading frame of Ich-1 s homolog is used in vivo. 

To characterize the function of /cfe-7 s , the ability of p£actH30Zl to 
cause cell death was examined. p£actH30Zl was transfected in Rat-1 cells 
and the X-gal reaction was developed as before. The analysis showed that the 
expression of p£actH30Zl did not cause cell death (Table 1). 

To examine if Ich-1 s has any protective effect against cell death, a 
stable Rat-1 cell line that express Ich-l s was established. The cDNA Ich-l s 
was cloned into pBabepuro retroviral expression vector (Morgenstern et al. 9 
Nucl. Acids Res. 75:3587-3596 (1990)) and transfected into Rat-1 cells. The 
stable transfectants were selected in puromycin and individual clones were 
assayed for expression of Ich-1 s by Northern blot analysis. The clones that 
expressed Ich-1 s were used for analysis and the clones that did not express 
Ich-l s were used as negative controls together with untransfected Rat-1 cells. 
When plated in non-confluent density and washed carefully, Rat-1 cells would 
die in serum-free medium. Under these conditions, Rat-1 cells expressing 
bcl-2 or crmA were resistant to death (Fig. 15). When the ability of the stable 
Rat-1 cell lines that express human Ich-1 s was tested under serum-free 
conditions, it was found that they are more resistant to serum deprivation than 
parental Rat-1 cells and negative control transfectants not expressing Ich-1 s 
(Fig. 15). These experiments suggest that Ich-1 s may have the ability to 
prevent cell death. 

Since Ich-1 s may prevent cell death by inhibiting Ich-1 L , the inventors 
examined whether Rat-1 cells express Ich-1. Using mouse Ich-1 cDNA as a 
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probe, an mRNA species predictive of the Ich-1 transcript was detected in 
Rat-1 cells under low stringency conditions. 

Discussion 

The isolation and characterization of Ich-1, a mammalian gene 
belonging to the cell death gene family of Ice/ced-3, has been described. Two 
distinct Ich-1 mRNA species have been identified (Ich-1 L and Ich-1 ^. These 
two cDNAs differ in both 5' regions around translation initiation and in the 
middle region. The difference in the middle is the result of alternative use of 
two different 5' splicing donor sites. 

The Ich-1 gene is expressed at low levels in both embryonic and adult 
tissues tested. Ich-1 s is expressed at higher levels than Ich-1 L in embryonic 
heart and brain. The converse is true in embryonic lung, liver and kidney. 
The expression of both ICE and Ich-1 can be detected in THP-1 cells and 
DO 1 1.10 cells. The expression of both ICE and Ich-1 L appear to increase in 
dying cells under serum deprived conditions. Overexpression of Ich-1 L in rat 
fibroblast cells caused programmed cell death. This suggests that Ich-1 is also 
a programmed cell death gene. Overexpression of Ich-1 s did not cause cell 
death. Stable expression of Ich-1 s prevented Rat-1 cell death induced by 
serum deprivation. The collective results show that Ich-1 encodes protein 
products that regulate cell death positively and negatively. 

The mouse nedd-2 gene was originally isolated by Kumar et al. 
{Biochem, & Biophy, Res. Comm. 785:1155-1161 (1992)). The nedd-2 gene 
was identified as having a transcript of 3.7 kb that is abundantly expressed in 
embryonic day 10 mouse brain and almost undetectable in adult brain. The 
nedd-2 cDNA isolated contained an open reading frame of 171 amino acids 
and long 5' and 3' untranslated regions with stop codons in all reading frames. 
The 171-amino-acid open reading frame is homologous to P10 subunit of ICE 
and the C-terminal part of ced-3 protein (Yuan, J., et al., Cell 75:641-752 
(1993)). 



WO 95/00160 



PCT/US94/06630 



-65- 

In the Northern blot analysis described herein, the Ich-1 expression in 
human fetal brain is not high compared to other tissues tested (heart, lung, 
liver and kidney). Part of the difference could be explained by the different 
developmental stages tested: mouse E10 versus human 20-26 week old 
fetuses. However, Ich-1 expression can be detected in human adult tissues. 

In the studies herein, amplification of the 5' untranslated regions of the 
mouse nedd-2 cDNA that Kumar reported was not achieved. It is possible that 
the 5' untranslated region in the Kumar clone was a product of incompletely 
processed nedd-2 mRNA. Both Ich-1 mRNAs are about 4 kb; since the 
cDNA clones described herein are 2.5 kb and 2.2 kb for Ich-1 L and lch-l& 
respectively, these cDNAs are incomplete. However, since they are fully 
functional in the assay reported herein, the complete coding regions should be 
encoded in these two cDNAs. 

Ich-1 is a new member of the ICE/ced-3 family of cell death genes. 
Thus, unlike C. elegans, mammals must have multiple members of ICE/ced-3. 
Ich-1 is even slightly more homologous to ced-3 protein than ICE. The cell 
death induced by overexpression of Ich-1 was poorly inhibited by crmA. This 
result is similar to that with ced-3 (Miura, M.,ef a/., Cell 75:653-660 (1993)). 

The two amino acid residues of ced-3 protein that are conserved in 
Ich-1 but not in ICE were mutagenized. Results showed that T352A 
completely eliminated the ability of Ich-1 to cause cell death, despite the fact 
that the corresponding amino add in ICE is a Ser, while F212L caused a 
reduction of the cell killing activity. These data also suggest that Ich-1 may 
be mechanistically more similar to ced-3 than ICE, and Ich-1 and ICE may 
have evolved independently from ced-3. 

The overexpression of ICE and Ich-1 can kill Rat-1 cells and HeLa 
cells effectively but NG108 cells only moderately. The possibility that the 
activity of 0-actin promoter is lower in NG108 cells cannot be ruled out. 
However, an interesting possibility is that NG108 cells express a higher level 
of ICE and Ich-1 inhibitors. COS cells are completely resistant to the cell 
killing activity of ICE and Ich-L COS cells may lack either the activator or 
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the substrates of ICE and Ich-L This result also suggests that the cytotoxic 
effects of ICE and Ich-I have certain specificity and are unlikely to be caused 
by random cleavage activities of proteases. 

Ich-I can make a protein product that either prevents or causes cell 

5 death depending on how the mRNA is processed. Similar regulation has been 

observed with bcl-x, a bcl-2 related gene (Boise etal. y 1993). The bcl-x 
transcripts can also be processed in two different ways: the larger mRNA, 
bcl-x Ly encodes a bcl-2 related protein product that can inhibit cell death 
induced by growth factor withdrawal when overexpressed in an IL-3-dependent 

10 cell line. Alternative splicing of bcl-x transcripts can generate another smaller 

transcript. bcl-x S9 encodes an internal truncated version of bcl-x protein that 
inhibits the ability of bcl-2 to enhance the survival of growth factor-deprived 
cells. Control of die RNA splicing could prove to be an important differential 
regulatory check point in programmed cell death. 

15 How does Ich-l s act to prevent cell death? It could act either by 

inactivating the activator of cell death or by direcdy inactivating lch-l L . Since 
Rat-1 cells appear to express Ich-1, these two possibilities cannot be 
distinguished at present In the transient transfection assay, the expression of 
Ich-l L -\acZ fusion gene and the /ce-IacZ fusion gene kill the stable Ich-I s 

20 expressing cells as efficiently as die control Rat-1 cells (L. Wang, unpublished 

data). Thus, unlike crmA or bcl-2 y the inhibition of cell death by Ich-l s may 
be highly dosage-dependent This is probably why the expression of Ich-I s 
provided only partial protection to the cell death of Rat-1 cells induced by 
serum deprivation: only those cells expressing high levels of Ich-1 $ are 

25 protected. 

crmA has the ability to suppress cell death induced by overexpression 
of Ich-1 L . The amino arid sequence of crmA protein is homologous to the 
members of the serpin and superfamily (Pickup et a/., 1986), which usually 
inhibit serine proteases by acting as pseudosubstrates. The nature of 

30 interaction of ICE and crmA protein is not fully understood but it is likely to 

be similar to the interaction of other serpin and serine proteases. The 
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inhibition of ICE family members by crmA may depend upon both the affinity 
and relative concentration of ICEs and crmA protein. The fact that crmA can 
suppress a certain percentage of cell deaths induced by overexpression of the 
Ich-1 L suggests that crmA and Ich-1 can bind to each other although their 
affinity may be low. It is possible that when Ich-1 concentration is lower, 
crmA may be able to suppress a much larger percentage of cell death induced 
by Ich-1. Microinjection of crmA expression construct can effectively 
suppress the death of dorsal root ganglia neurons induced by nerve growth 
factor deprivation (Gagliardini, V., et a/., Science 263:826-828 (1994)). One 
or more ICEIced-3 family members may be responsible for neuronal cell 
death. When crmA expression construct is microinjected into neurons, the 
transient concentration of crmA protein may be very high. Thus, it is possible 
that crmA may be able to suppress multiple members of ICEIced-3 family 
under such conditions despite the feet that their affinity to crmA is not very 
high. 

Since the expression of Ich-1 and Ice can be detected in the same cells, 
the results described herein suggest that multiple members of Ice/ced-3 family 
may contribute to cell death induced by a single signal. There are three 
possible ways that Ice and Ich-1 may act to cause cell death (Figure 16). 
First, Ich-1 may activate Ice, directly or indirectly, to cause cell death. 
Second, ICE may inactivate Ich-1, directly or indirectly, to cause cell death. 
Third, ICE and Ich-1 may act in parallel to cause cell death. In the first 
scenario, the inhibitor of ICE should inhibit cell death induced by Ich-L In 
the second scenario, the inhibitor of Ich-1 should inhibit the cell death induced 
by ICE. To test this hypothesis, specific inhibitors for each member of ICH 
are necessary. For the reasons discussed above, it seems likely that crmA can 
inhibit other members of ICEIced-3 family as well. These models can be 
tested directly by "knock-out" mutant mice in which a specific member of the 
ICEIced-3 family is mutated. 
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Experimental Procedures 

Cloning and Construction of Plasmids 

The mouse nedd-2 cDNA was isolated using embryonic mouse brain 
cDNA and the primer pairs specific for the 5' and 3' untranslated regions and 
the coding region. Primers neddlll (5 ' -C AACCCTGTAACTCTTG ATT-3 ' ) 
and neddlll (5'-ACCTCTTTGGAGCTACCAGAA-3') were used for 
amplifying the 5' untranslated region. Primers nedd2/3 
(5 '-CCAGATCTATGCTAACTGTCCAAGTCTA-3 ') and nedd2/4 
(5' AAGAGCTCCTCCAACAGCAGGAATAGCA-3') were used for 
amplifying the nedd-2 coding region. Primer nedd2/5 
(AGAAGCACTTGTCTCTGCTQ and nedd2/6 

(5 'TTGGCACCTG ATGGCAATAC-3 ') were used for amplifying the 3' 
untranslated region. 0.5 kb PCR product of nedd-2 coding region was cloned 
into pBluescript plasmid vector to be used as a probe (Stratagene). 

A human fetal brain cDNA library (Stratagene) was screened with 
murine nedd-2 cDNA probe at low stringency. The filters were hybridized in 
5x SSPE, 30% formamide, Ix Denhardfs solution, 1% SDS at 42°C 
overnight and washed in lx SSPE and 0.5% SDS, twice at room temperature 
and twice at 45 °C (20 min). The human lch-l s (pBSH30) was isolated from 
the positive clones using a BamHlSall fragment of the murine nedd-2 cDNA, 
a 76 bp fragment which contains die 61 bp intron, as a probe under the same 
hybridization and washing conditions described above. The phage clones 
(pBSH37 for Ich-l Ly pBSH30 for lch-1^ were excised in vivo to obtain 
plasmids by an in vivo excision protocol (Stratagene). To construct expression 
constructs, PCR was performed using synthetic primers. HI 
(5 ' -G ATATCCGCAC AAGG AGCTG A-3 ') and H2 
(5 '-CTATAGGTGGG AGGGTGTCC-3 ') were used for lch-l L construction. 
H3 (5 ' -G ATATCCAG AGGG AGGG AACG AT-3 ') , corresponding to sequences 
in the 5' region of Ich-l s cDNA and H4 
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(5 '-GATATC AG AGC AAG AG AGGCGGT-3 ') , corresponding to the sequences 
in the 3' region of the first open reading frame (ORF) of Ich-l s were used for 
the first ORF of Ich-l s construction. H3 and H5 

(5 '-G ATATCGTGGGAGGGTGTCCT-3 ') , corresponding to the sequences in 
the 3' region of the second ORF of Ich-l s were used for the second ORF of 
Ich-l s construction. pBSH37 and pBSH30 were used as templates where 
appropriate. The three PCR products were inserted into the EcoRV site of 
pBluescript II, and the inserts were isolated by digestion with Sma\ and Kpn\ 
and cloned into Sma\-Kpn\ sites of BSLacZ (Miura, M., et al. y Cell 75:653- 
660 (1993)). Notl linkers were added to the Kpn\ site by digesting with Kpnl, 
blunt-ending by T4 polymerase and ligating in the presence of excess Notl 
linker. These constructs, BSh37Z, BSh30Zl and BSh30Z2, were digested 
with Notl and individually cloned into pjSactstneoB (which uses chicken jS-actin 
promoter) (Miyawaki, A. , et al, , Neuron 5: 1 1-1 8 (1990)). The final plasmids 
were designated pj8actH37Z, pj3actH30Zl and pj3actH30Z2, respectively. 
pBabeH30 plasmid, used for establishing stable Rat-1 cell line carrying Ich-l s , 
was constructed by inserting the full length Ich-l s cDNA into the Sail site of 
pBabe/puro vector (Morgenstern, J. P., et al. 9 Nucl. Adds Res. 73:3587-3596 
(1990)). 

To mutagenize Cys 303 to a Ser residue in the active domain of 1ch-l L , 
Ala 352 to a Thr residue in the P10 subunit of Ich-1 L and Leu 212 to a Phe 
residue in the P20 subunit of Ich-1 L , primers containing mutant sites were 
synthesized as follows: 



-70- 



HM1 5'-ATCCAGGCCTCTAGAGGAGAT-3' 
HM2 5 '-ATCTCCTCTAG AGGCCTGG AT-3 ' 
HM3 5 '-TGCGGCTATACGTGCCTC AAA-3 ' 
HM4 5'-TTTGAGGCACGTATAGCCGCA-3' 
HM5 5 '-CAC AGTACTTTeGTC ACCCT-3 ' 
HM6 5 '-AGGGTG ACG AAAGTACTGTG-3 ' 

(HM1 is corresponding with HM2, HM3 is corresponding with HM4, HM5 
is corresponding with HM6). PCRs were performed in two steps. To make 
the Cys 303 to Ser mutation, in the first round of PCR, the fragments from the 
N-termina! to mutation site of Ich-1 L and from the mutant site to C-terminal 
of Ich-1 L were synthesized using two primer pairs, T3 and HM1, HM2 and 
T7, and PBSH37 as a template. In the second round PCR, the two PCR 
fragments generated in the first reaction were used as templates and T7 and 
T3 were used as primers. Two such rounds of PCR generated a full length 
Ich-1 L mutant. The other two mutations were generated in similar way using 
T3 and HM3, HM4 and T7 for Ala 352 to Thr mutation, and T3 and HM5, 
HM6 and T7 for Leu 212 to Phe mutation as primers for first PCR. The PCR 
products were inserted into the EcoRV site of pBluescript II and sequenced. 
The mutant cDNA inserts were cloned into expression vectors as described 
above. The mutated clones were designated p/3actH37ZCS, p0actH37ZAT 
and pj8actH37LF. 

Cell Culture and Functional Studies 

All cells were maintained in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal calf serum (FCS). The day before 
transfection, cells were seeded at a density of about 2.5x10 s in each of the 6- 
well dishes. For each well, 0.7-ljxg of LacZ chimeric construct and lOjig of 
lipofectamine reagent were used according to a protocol from GIBCO BRL 
(Gaithersburg, MD). The cells were incubated for 3 hr in serum-free medium 
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containing DNA and lipofectamine. Then an equal volume of growth medium 
containing 20% serum was added without removing the transfection mixture 
and incubation was continued for 24 hr. The expression of the chimeric gene 
in cells in culture was detected as previously described (Miura, M., et al. y 
Cell 75:653-660 (1993)). 

To establish Rat-1 cell lines overexpressing Ich-l s , pBabeH30 was 
transfected into Rat-1 cells using lipofectamine mediated gene transfer. 
Resistant cells were selected using 3/tg/ml puromycin for about 10 days. Cells 
were assayed for expression of Ich-l s by Northern blot analysis. To examine 
whether Ich-l s can render Rat-1 cells resistant to apoptosis in the condition of 
serum deprivation, the Rat-1 cells overexpressing Ich-l s * untransfected control 
Rat-1 cells, transfected negative control Rat-1 cells and Rat-1 cells 
overexpressing bcl-2 or crmA were seeded in 24-weIl dish at 5x10* cells in 
500 /il of DMEM containing 10% FCS for 24 hr, and then washed once with 
serum-free DMEM and transferred into 500 jil of serum-free DMEM. The 
cells were harvested at daily intervals and stained with 0.4% trypan blue for 
5 min. at room temperature. The numbers of dead and living cells were 
counted using a haemocytometer. 

RNA Analysis 

The Multiple Tissue Northern (MTN) blots membrane of human fetal 
and adult tissues (CLONTECH) were probed using human Ich-1 L cDN A or the 
intron of Ich-l s cDNA (for fetal tissue) under conditions of 5x SSPE, lOx 
Denhardt's solution, 50% formamide, 2% SDS, 100/xg/ml salmon sperm DNA 
at 42°c for overnight. The blots were washed twice in 2x SSPE, 0.05% SDS 
at room temperature and twice in O.lx SSPE, 0.1 % SDS for 20 min. at 50°c 
for 20 min each. 
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In Vitro Transcription and Translation of Ice-ced 3 S homolog 

To determine which open reading frame of Ich-l s homolog was 
expressed, pBluescript plasmid containing Ich-1 5 (pBSH30) was linearized at 
the 3' multiple cloning site with Xhol, purified, and transcribed with T3 RNA 

5 polymerase for 2 hr at 37 °c using a protocol from Stratagene. The plasmid 

was also linearized at the 5 ' multiple cloning site with Not\ y purified, and 
transcribed with T7 polymerase as an anti sense control. The resulting runoff 
transcripts were extracted with phenol-chloroform and ethanol precipitated. 
In vitro translation was performed with rabbit reticulocyte lysate (Promega) in 

10 the presence of ^S-methionine for 1 hr. at 30°C. 5/il lysate was mixed with 

equal volume of 2xSDS gel loading buffer and subjected to SDS- 
polyacrylamide gel electrophoresis (12%). The gel was dried and exposed to 
X-ray film. 
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What Is Claimed Is: 

1. A method of preventing programmed cell death in vertebrates 
comprising the step of inhibiting the enzymatic activity of interleukin-10 
converting enzyme (ICE). 

2. The method of claim 1, wherein said enzymatic activity is 
inhibited by an /CE-specific antiprotease. 

3. The method of claim 2, wherein said antiprotease is crmA. 

4. A method of promoting programmed death in vertebrate cells 
by increasing the enzymatic activity of ICE in said cells. 

5. The method of claim 4, wherein said vertebrate cells are cancer 

cells. 

6. The method of claim 5, wherein said cancer cells overexpress 
the oncogene bcl-2. 

7. A substantially pure gene which is preferentially expressed in 
thymus and placental cells and which encodes a protein causing programmed 
cell death. 

8. The gene of claim 7, wherein said protein has the amino acid 
sequence shown in Figure 6. 

9. The gene of claim 8, wherein said gene has the cDNA sequence 
shown in Figure 6. 
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10. An expression vector having the gene of either claim 8 or claim 

9. 

11. A host cell transformed with the vector of claim 10. 

12. A substantially pure protein wherein said protein is 
preferentially expressed in thymus or placental cells and which causes the 
death of said cells. 

13. The protein of claim 12, wherein said protein has the amino 
acid sequence of mICE2 as shown in Figure 6. 

14. A functional derivative of the protein of claim 13. 

15. A method of promoting programmed cell death in thymus or 
placental cells comprising die step of increasing the activity of the protein of 
claim 7. 

16. A substantially pure DNA molecule comprising the cDNA 
sequence of human Ich-1 as shown in Figure 8. 

17. An expression vector having the DNA of claim 16. 

18. A host cell transformed with the vector of claim 17. 

19. A substantially pure protein comprising the amino acid sequence 
of human Ich-1 as shown in Figure 8. 

20. A functional derivative of the protein of claim 19. 
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21. A substantially pure DNA molecule comprising the cDNA 
sequence of human Ice-4 homolog as shown in Figure 16. 

22. An expression vector having the DNA of claim 21. 

23. A host cell transformed with the vector of claim 22. 

24. A substantially pure protein comprising the amino acid sequence 
of human Ice-4 homolog as shown in Figure 16. 

25. A functional derivative of the protein of claim 24. 
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1 AACCATCAGCCGAAGATt^TGCGTCAAGATAGAAGGAGCTTGCTAG 

+ 4— 4. ► + + — + + + 4 

MMRQDRRSLLERNIMMFSSBLKVDEILEV 
101 TTCTCATCCCAAAACAAGTGTTGAATAGTGATAATOGAGATATGATTAATTCATG 

+ ■»- -I * + + ♦ 4 + 4 

LIAKQVLNSDNGDMINSCGTVREKRRE1VKAVQ 
201 AOGACCGGGAGATGTGGCGTTCGACGCGTTTTATGAT CC TC I IX X ^TCTACGGGACACGAAGGACTTGCTGAAGTTCTTGAACC TCTOGCCAGATCTGTT 
+ ,. 1 < 4 h + 4 + 

RPGDVAFDAFYDALRSTGBEGLAEVLEPLARSV 
301 GACTCGAATGCTGTCGAATTCGAGTGTCCAATGTCACCGGCAAa 

DSNAVEFECPMSPASBRRSRALSPAGYTSPTRVB 
401 ACCGTGACAGCGTC T C TT C AGTGTCATCATTCA C 1 It I 1 ATCJICGATATCTACTCAAGAGCAAG&TC Ttlt^TTClX^^TCGCGTGCACTTCATTCATCGGA 

" ' ' * 1 1 1 " 1 1 I « + 

RDSVSSVSSFTSYQDIYSRARSRSRSRALBSSD 
501 TCGACACAATTATTCATCTCCTCC a GTCAACGCATTTCC XA^ 

" ' ' * — " *■ i * ■ » i i + 

RBNYSSPPVNAFPSQPSSANSSFTGCSSLGYSS 
601 AGTCGTAATCGCTCATTCACCAAAGCI I C TU^ACCAACTCAATACATATTCCATGAAGAGGATATGAAL 1 1 lUlU ^TGCACCAACCATAA GC C G T G TTT 

SRNRSFSKASGPTQYIFBEEDMNFVDAPTISRVF 
701 TCGACGAGAAAACCATGTACAGAAALl' TL ItUaAGTCCTCGTGGAATGTGCCTCATCAT AAATAATGAACACTTTGA^ 

DEKTMYRHFSSPRGHCLIINNEBFEQMPTRMGT 
801 CAAGCCCGACAAGGACAATCTYAOCAAI 1 TGI 1LA CATGCATCCGCTATACQGTTATTTGCAAGGACAAT 

' ' ' ♦ +■ 

KADKDNLTN LFRCMGYTVICKDN LTGRGMLLTI 
901 CGAGA CT T IGC CAAACACGAATCACACGr AGATTC T GO GATACTCGIGATTCTATCACACGGAGA »VGAGAATCTGATTATTGGAGTTGATGATATACCGA 

RDFAKBESBGDSAILVILSHGEENVIIGVDDIPI 
1001 TTAGT ACACACGAGAT ATATGAI CI IC TCAACGCGGCAAATGC TCCCCG IC TGGCGAATAAGCCGAAAATCG III I I G I GCAGGC TT G T 1XA QQCGAACG 

STBEIYDLLNAANAPRLANKPKIVFVQACRGER 
1101 TCTTGACAATGGATTCCCAGTCTTGGATICTGTCGACGGAGT^ 

RDM GFPVLDSVDGVPAFLRRGWD H RDGP LFHFL 
1201 C6ATGTCTCCGGCCGCAAGTTCAflCAAGT<»T G €AGAAAGA I ICGIGGA 

' ' * ' ' * ' " ' ' ' * III! | | + 

GCVRPQVQQVHRKKPSQADIL1RYATTAQYVSHR 
1301 GAAACAGTGCTCGTGGATCATGGTTCATTCAAGCCGTCTGTGAAG'l GITCI CGACACACGC AAAGGATATG6ATG T TGI IGAGC YGC TGACTGAAGTCAA 

NSARGSWFIQAVCEVFSTHAKDMDVVELLTEVN 
1401 TAAGAAGGTCGC I IGI GGATTTCACACATCACAGGGATCGAATJVTTTTGAAACAGATCC^ 1 1 1 1U> 

* " « * 1 ■ - 4 ■ ^ | , , ( | + 

KKVACGFQT5QGSNILKQMPEMTSRLLKKFYFN 
1501 COGGAAGCACGAAACTCTGCCGTCTAAAATTCACTCGTGATTCA I C IC3T 1 l lUXlA ATTAG 

1 ♦ ♦ 4--.. > — — -- + -- — *■ 4 « --4 + 

PEARNSAV* 

1601 TTTAAAACCATCTGTATATTGTTATCCTATACTCATTTCACYTT I 1C1L1 1U-IATTTTCACACATTTCCA1' 1 l l l ll A CGATAATC 

t I I ■ ■ I I ■),---■ | ■ ■ 1 | | ♦ 

1801 CTATCAACAAAATAGTTTCATAGATCATCACCOCAACCCCACCAACCTA^ 

* * ■ « i i ... t ■■■■■■■■ i ■■ - i i » + 

1901 1 1 111 lllAXACAAAAAATCTAATATTTGAATTAACGAATAGCATTC^ 

., ■■ „ . 4— — + 4- 4 —4 — 4- <-,. 4. _ + + 

2001 AATT ATGT ATAAAA 1 1 1 1U1A GGTCCCCXXCATCAT 1 ItXaXCCA ICATCTCAAATTGCA l I C 1 1 1 1 1 1 U* CCGTGATATCC0GATTCT CG T CA GCAAA 

1 +- t + ■ . > -- — +- — — i i — ♦ 

2101 G A T C I I 1CTCATAGCCCATTCCATTCGAGCT J 1CIAATAG 

** ■ 4 '■ — » — + ■4 - — — 4— — — — — — ^— »-4,_— —4, — ,4. .. — ^^4_^_ — — _ + 

2201 CAGCAACACAAATTTACTTGAAAOCCCATTTTCCAAAATTTCA A TT 1 1 Tltl AAATTTCCCGCTATCTTCCAAAATACTCCTGTACGTTTATTATATTTCC 

2301 C I CGI I111C1 ' 11UAT TCC I CC T C I CCGCGCACCCAATAAGTTTTATATATGTTGAGATTT AT ATAGC T I G I lATTATAATTATATATTTATAGATTATT 

- . 4 - - .-.,.4- . ■ 4 - - — — 4 — --.-----4-..----- — | — - 4.—— --4..- — + 

2401 ATA G1 1UL 1 1 1 111 IGCCGTATG X' T IU rU'fGTGIGTGATTGGYAT ACATAGATAAAAGAAAACAAGGTAAAAAAAGGAATTC 
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Programmed 
cell death 

Live cells dead ^ 

Vertebrates: BcI-2 1 ICE ICE/? active 

C. elegans: Ced-9 1 Ced-3/Ced-4 Ced-3/Ced-4 active 
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1 TCTTCACACTGCGAAAGAACTGAGCCTTTTT^^ 



HAENKHPDKPLKVLEOLCKEVL 
101 ACGCACT ACCT AGAAAAATT ACT ACAAAGC AA TCT ACTGAAATT AAAGGAGGAAGAT AAAC A AAAATTT AAC AATCCTC AACCC AGTGAC AAGCGTTGGG 

,..»..-... + i —» —— ,- t _ — ._ „ ». ■ ■ ■ 4>- ■ -♦ ' 4 

T E Y LEKLV05NVLKLKEEDKOKPNNAERSDKRWV 
201 1111 1 1» 1 AGATGCCATGAAAAAGAAACACACCAAAGTAGGTGAAA I CC T 'J I TtXJVGACATTCTItrAGTGTC(^CCCA<X^AGCCACCATGGTGAAGCTAA 

VDAHKKKBSKVGEMLLOTFFSVDPGSBHGEAN* 

301 TCTCGAAATGGACGAACCAGAAGAATCATTCAACACTCTCAAG C X I 1 1 J 1 L C L L 1GAAGAGTTCACAACGCTTTGCAGAGAAAAGACACAAGAAATTTAC 

' ^ 1 <' ■ 4— — -■ " « . ■ .|. ,.- + ,,.,. 4 

L E M E E P EE SLNTLKLCSPEEFTRLCREKTQEXy 
401 CCAATAAAXaSAGGCCAATGGCCCTACACGAAAGGCTCTTATCATATGCA^ 



PXKEANGRTRKALIZCNTEFKHLSLRYGAKFDI2 
501 TTCCTATGAAA GCCL 1 1C 1 1 ^AACACTTAGGCTACGATGTGGTGGTtAAAGAGGAGCTTACAGCA^ 1 1 1 U.1U. 

G M KGLLEDLGYDVVVKEELTAEGMESEMKDFAA + 
C01 ACTXTrCAGAACACCACACATCAGACAGCACATTCC TGG1 GX.IAATG1CTCATGCCACACTGCATGGCA 1 1 l Ull^J U^CAATGCACAGTGAAAAAACTCCA 



LSEHOTSDSTFLVLMSBGTLHGICGTMHSEKTP 
701 GATGT^CTACACTATCATACCATCTATCAGATAT^^ 



P V ! » Q D T I Y Q I F II NCBCPGLRDKPKV I I V Q A C R G 

•01 GTCCGAACTCTGCAGAAATGTGGATCAC^U^CTCTTCAAAACt^ I U I 1A-AGAGGTCTAGATC TACC IACGAATATGGAA<^TGATGC TGICAAGCT 



C MSG E MWIRESS K PQLCRGVDLPRNMEAOAVKL 
901 CAGCCAC6.TU,AGAAGCACTTCATTGCCTTCTACCCTACAA^ 



SBVEKDFIAFYATT PBBLSYRDKTGCSYFITRL 
1001 AI II U:ilXl I taa^ AAAC All^llU.llllUll^T^^ 



ISCFRKBACSCHLFDIFLKVQQSFEKASIBSOMP 
1101 CCACCATTCATCGGCX^CCTTGACA^ 

TIDRATLTRYFYLFPGK* 
1201 **GTGATCTTGGCCAAGGATCACXTTCTATrc 



1301 AGTCGCATTCTGTTCGATAGACAAGCAAACAAGCAAAAATAAAAAAAAAA 
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1 50 

MADKILRfffe KQFINS VSIGTINGL HdeTIlEKRVL SqE3EM^KI^ 

MADKVLKEKk KLFIRS MGEGTINGL iLhjEkjliQTRVL 1 JlTKEEMEIQVf-, 

MAENKHPE^HP LKVXEQ LGKEVLTEY lljEKllVQSNVL J^KKEeKqKF 

MMRQDR RSLLERNIMM FSSHLKVDEI lljEVlilAKQVL: ^SDNGDMIN . 
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IFIT YICNEDC^SE GIpjELQSAPS 



SVIEKG AQfcpQ-ICIT XIC^DS^kfa[ GTjIGLSADQT 



SKVGE.MLL. 



ii 



ircaersdEeq&w 

SCGTVRE^eS? EIVKAVQRPG DVgFDAFYDA LRSTGHEddg EUgdEPLARSV 

101 _ _ 150 

AETFVATEDS KGGHPSSSET KE.EQE[KEDG ffiFPGLTGTI^ I*G£lj3ppKL 
SGNYLNMQDS QGVI^SFPAP QAVQDNPAMP JTSSGSEGNVK} K^DEEHgRI 
3PGS HHGEA^LEME EPEESI-NTLKi l|CSJgEarTKL 
DSNAVEFECP MSPAS9HRRSR ALSPAGYTSP TRVHRDSVSS VSJJFTSY&DI 



151 200 

MICE1. WKE 

HICE WKQ - 

MTCK? CRE 

Ced3 XSRARSRSRS RALHSSDRHN YSSPPVNAFP SQPSSANSSF TGCSSLGYSS 



201 

MICE1 - 

HICE " 

MICE2 . 

Ced3 SRNRSFSKAS GPTQYIFHEE DMNFVD 



250 




SRVFDEKXMY i&TFSSPRGMC 



251 



MICE1 
HICE 
MICE2 
Ced3 



301 

MICE1 
HICE EAF 
MICE2 KDB 1 
Ced3 




2D 



IIGSffCGjE^ED [I^YjCVjWCTIE JlnjAjE f 4 

mptswgtkab KDNi/rro^FRc Mq^piajcsPN Uecgrcmjcti 






351 

MICE1 j%TLK^SLK 
HICE EKjTKNCKSLK 
MICE2 EM^CHdEjGLR 
Ced3 I^gAANAP&LA 




350 
QM 

\M 

VDgpC PISTHE^YDL 
400 

j^^KdgwL lkdStrdsee -DFL TO&lffi 

CKGDSP jWW * FKDSyGVSGN LSI^TTEEEg 
tRGGNSt^MW IREHSKPQLC RGVDLPRNMEJ 
CSGERRDNGF PVLDSVDGVP AFLRRGWDNR 



FIGURE 7 



WO 95/00160 



MICE1 
HICE 
MICE 2 
Ced3 



MICE1 
HICE 
MICE2 
Ced3 



401 
p/^GI. 



PCT/US94/06630 

™ x . . M I^S^jlk'^SSTPDlWSi^HPTMpSVF 

1£J K I^SIVEKDlFilfAi {yKATIPHHIiS: TgDKTGGS^ 

0GPLFNFLGC VRPQVQQVWR KKPSQAQILI RYAT^AQ^S. ^.NSAR^SWO 



451 



j 5.00 

E YACS'cSvEEl; ;f|. . . .r5#F ]sjE\E3QPDGRAQ| i^TTEIWT:. . 
JA^EVFST HAKDMByVEL LTEVNKMV[AC GljQTSQGSNI LKQMPEl^SR 



MZCE1 
HICE 
MICE2 
Ced3 




,KK§jS="WPE ARNSAV* 



FIOJRE 7A 



WO 95/00160 PCT/US94/06630 

1 GAATTCCGCACAAGGAGCTGATGGCCTCTGACAGGGGACGCAGG^ 

. H + ^ — ■ ■ ■■ + — ■■ 1- —i +- t 4 

IPHKELMAADRGRRILGVCGMHPBBQETLKKNR 
101 ACTGGTGCTAGCCAAACA Gl 'lUi! 1 1, 1 1 UAGCGAATTGTTAGAACAT C I rCTGGAGAAGGACATCATCACXrrTGGAAATGAGGGAGCTCA^ 

_ + +- j ■ | 4 " I ' i ♦ I 4 

VVLAKQLLLSE LLEHLLEKDI ITLEMRELIQAK 
201 CTGGCCAGTTTCACCCAGAATCTGGAACTCCTCAA^ 

VGSFSQNVELLHLLPKRGPQAFDAFCEALRETKQ 
301 AAGGCCACCTGGAGGATATGTT GC TCACC ^LCT TI C T G GGCTTCAGCATGTACTC^ 

GHLEDMLLTTLSGLQHVLPPLSCDYDLSLPFPV 
401 GTGTGAGTCCTGTCCCCTTTACAAGAAGCTCCGCCTGTCGACAGATACTGTGGA^ 

+_ h 4— ► +- + * I + 

CESCP L Y K K L R LSTDTVEBSLDN K DGP VCLQVK 
501 CCTTGCACTCCTGAATTTTATCAAACACACTltXA^ 

PCTPEFYQTBFQLAYRLQSRPRGLAI.VLSIIVHFT 
501 CTGGAGAGAAAGAACTGGAATTTCGCTCTGGAGGGGATG^ 

GEKELEFRSCGDVDHSTLVTI*FKLLGYDVHVLC 
701 7GACCAGACTGCACAGGAAATGCAAGAGAAACTGCAGAATTIT TCTCGCAT 

DQTAQEMQEKLQBFAQLPAHRVTDSCIVALLSH 
801 GGTGTGGAGGGCGCCATCTATGGTGTGGATGGGAAACTGCTCCA^ TTTT C A GC TCTT TGACAACGCCAACTQCCCAAGCCTACAGAACA 

GVEGAIYGVDGKLLQLQEVFQLFDNAHCPSLQMK 
901 AACCAAAAATU 1"JC T TC^TCCAGGCC^Crtnt^AGATGAGACTGAltJGTCUXGI I GAOCAACAAGATGGAAAGAACCACGCAGGATCCCCTGGGTGCGA 

| | | | | f ' ■ ■ ■ ■ » 

PKMFFIQACRGDETDRGVDQQDGKNflAGSP GCE 
1001 GGAGAGTGATGCCGGTAAAGAAAAGTTGCCGAAGATGAGACTGCCCA^ 

ESDAGKEKLPKHRLPTRSDMICGYACLKGTAAM 

1101 CGGAACACCAAACGA U ^TTCCI C& I A CATCGA U^ 

! | ' | | | t i i * * 

RHTKRGSWYIEALAQVFSERACDMBVAD M L V K V H 
1201 ACGCACTTATCAAGGATCGGGAAGGYTATGCYCCTGGCACAGAATTOC^ 



ALIKDREGYAPGTEFBRCKEHSEYCSTLCRBLY 
1301 CCTGT TCCCAGGACACCCTCCCACATGATGTCACCTCCCCATCATCCAOG TTGATCTT 



LFPGHPPT* 

1401 CAGGATGCACGGTT TCTGT ICIGCCCCCTCAGGGATGTCGGAATCTCCCAGACI 11T I ICCTGGAATTCCAGGCCTCTGAAGGGGCTTGGGACTGATTTC 



1501 TAATGQGCACCTTGATGAATCAUClUl 111U II ICAAAAATTGAGAACCX I'HI UUjI 1CI C II AGAATAT 



1601 TTTCATTCTCTTGC 1 1 1 GGCTACCrTATCAGTGCTAAAATATATATTTAGCAATATATTTAG 



1701 TATTACAGAGCAGGTAGCTGAAGCTGGAGAGGTrTTTTTCCTAGAGTCTCA 



1801 CAATCCAGTACTCTTTTCACTTCATCACACCG^ 



1901 CCT ACTTTTTAGTGGCTCTACCTGT T CAI 11XCTGTGTGACTTTGAGCAAATTATGTAA€CTCTTCATGCTTCAGT I TC T TGATCAGAAGGAAAT AGGGT 



2001 AAGAATAATACCTACTTGATAGAATTACTGaiAGCATTTACAATAACA 



2101 TCAGTAAATGTCAACTTATTTCT AGT AAYAGACTGTTTCAGATAL 1 1 l»l 1 1 1 C 1 1 1 AAGTGTCT AGAGTC ATGAAATATTTTTAAAAGG AC AGTT AAAAT 



2201 AA G I G1 I I I' LlLA AAAAACCTACATTATA AT ' l 1 ICC I 1 CA GGGGCTCACCACGCAAATTTAGAGCAATGAGTTTCAA A T T T G TT CA GAGCTTAGAGTTAC 



2301 CATGCTTGACTTTCC AGACACATGATTATCTG I C TT ATAAATGAGAAAC AGTTTTACT AGTAGAAAATGACTTTATTGGATTT ATAT AATAT AAATTCAC 



2401 TATAAGCATACACATCCATAAAAAAGCTATATAGAAGTAAGCCTAATAAACTTGTAAATGGATGTTA^ 



FIGURE 8 



WO 95/00160 



PCT/US94/06630 



TTCTGGTAGCTCCAAGAGGTTTTTCGACTTTTTGACAATGCTAACTGTC^ 
1141 + + h + + y 1200 

a FW*LQEVFRLFDNANCPSLQ 

*> SGSSKRFFDFLTMLTVQVYR- 

c LVAPRGFSTF*QC* LSKS T E - 



AACAAQCCAAAAATGT TC T ItJATCCAAGC ATGTCGTGGAGGTGCTATT6GATCCCTTGGG 
1201 + h ^ , 4 



+ 1260 



a NKPKMFFI O A C n a G A I G S L G - 

b TSQKCSSSKHVVEVLL DPLG- 

c QAKNVLHPSHSWRCYH IPWA- 



FIOLRE 9 



WO 95/00160 



2S1 AT6AAAGTGCATTTTTATATCTTTATGCTGTACACTTCACTCACTGTAAT 300 

II I 111 I 
1 GAATTCCGCACAAGGAGCTGA 21 

301 GGTGGGTAAGTTTAGTGAGCAATAGGTCACTATGGTGACCCATGTCACAC 350 
II I III I I I III till I 

22 TGGCCGCTGACAGGGGAOGCAGGATATTGGGAGTGTGTGGCATGCATCCT 71 

351 AGCCTGAATGTTATGGTAAAATATACTC TGCTAAATAAATTAGT 394 

i ill tnii i i i inn in i 

72 CATCATCAGGAAACTCTAAAAAAGAACCGM^YSGTOCTAGCCAAACAGCT 121 

395 CCATTATTTAAATTCAACXTCAA &l 1 1' I'C AGAATATAGACGACTGCGTCC 444 

I II I I III I I I III I | I 

122 GTTGTTGAGCCAATTGTTAGAACATC T TC ItXlAGAAGGACATCATCACCT 171 

445 AATTCCTCACCAAAGTAGGACACAAGCTGAG IIC1 IATTAAAGTCC TIGA 494 

II 1 I II II II I 

172 TGGAAATGAGGGAGCTCATCCAGGCCAAAGTGGGCAGTTTCAGC^ 221 

* • * * • 

495 TCTGTTCTAGGATCTATTGAGCCTAGCCTGrGICT TCAT XTIIL'J TAATT 544 

I M I Mill | III || .|| | | 

222 GTGGAAGTCCTCAACTrCO^^XRAGft^ 271 

545 AACACTTGGGTGTCTTGAAAACCt^CTAAAATTGCCCCTG 594 

II II I I II I Mil II I 

272 CT3TCTGTGAAGCACTGAGGGAGAOCAAGCAAGGOCACCTGG 321 

595 TAGAGCATT C I G I X^ IIITT A GOCTQCA( X TT C T A ATTCTOCCATATTOC 644 

I M I IMI I I II Mil I 1 1 I I III 1 
322 T. . -GCTCACCAC CC llI C I U^ Il lJ tfCTTGT^^ 368 

645 TCCAACAAACTAGTTCCAATGGCCTATGAACCATGTGGAAAGATTATGG^ 694 

I III I I III till I 

369 TGTGACTACG ACTTGAG TC TCCC T T I TCCGG TGTGTGAGTCCTGTCCCCT 418 



695 TGTATTGACCCCAAACTGGCATA 
I II I 111 

419 



I I II 



I I I III 



744 
468 



745 GAGACCAAAAATTCTTA 

I I I 
469 ATAAAGATG 



I III 



794 



II I 



MTT 518 



795 CAATATAAGCCCCCGTCGCAAGAAGCCA<XTCTCCAG^ 844 

I II II II I I III I II || 

519 TATCAAACACACrTCCAQCTGGCATATAGGTTGCAGTC TCGGCCTCGTGG 568 

845 AGT AGGC TTCTTGT ATTTGGGTAAATTGTGTAGCATAAAAGAAGAGATGC 894 

III I II III I II II II III I I 

569 CCTAGCACTGGTG. . .TTGAGCAATGTGCACTTCACTGGAGAGAAAGAAC 615 



895 TGGCAT 

III II II II | 
616 TGGAATTTCGCTCTGGAGGGG . 



944 



I III III 
. ATGTGGACCACAGTA 



651 



945 CTTTCCTCCTCAGTT AATTC TTTCTGGAAArTCAATACCCTCAAAAATAA 994 

H I II I I II Ml II II I I | 

652 CTCT AGTCACCCTC T TCAAGC T T TTGGGC TATGACGTCCATG 1 TL T ATGT 701 



FIGURE 10 



WO 95/00160 



995 ACT AAGTGTATCTCCCAAGTGACTGTAAATCTAGTCCJW^TGACAAGATC 1044 

" I 11 II I II II I II || | 
702 ^CCAGACTGCACAGGAAATGCAAGAGAAACTGCAGAATTTTGCA C 747 

1045 ACXTTATCTCCCTACCTTTCAGATGAAGGTTGAATTTGTATGTGTT 1094 
H M II I III II || || || 

748 AGTTACCTGCACACCGAGTCACGGACTCCTGCAT. . .C6TGGCACTCCTC 794 
* 

1095 TCAAGAGGTCTCACTGGCTACCTAACTTCCCCTCTCCCTTATTTGT^ 1144 
II III I III I I I I I I I I 

795 TCGCATGGTGTGGAGGGCGCCATCTATGGTGTGGATGGGAAACTGCTCC . 843 

* * • • • 
1145 GGTAGCTCTAAGAGGTTTTTCGACTTTTTGACAAT^^ 1194 

mniiinmmii u imimm n inn mu 

*44 - . »AGCTCCAAGAGGTTTTTCA GC TCTTT GA CAACQCCAACTGCOCAA 890 
1195' CTACAGAACAAQOCAAAAAT G T IC T1 XJ VTOCAAGCATGTCGTGGAGGTGC 1244 

nullum iimumumum ii it mini 
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» • • ■» * . 
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I I 1 1 I I II I III I II II I II II 
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• • » • * 
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III II 11 I I I III IMIIMI II II 
1938 TGACTTTGAG . CAAATTATGTAACCTCTTCATtXITCAGTT, .I C IT U AT 1984 

• * - • . 
2387 CTGAATGAACCTTATCGGGCATAACTACATGAAAATGCAGTC 2436 

i in in i nn i n i i ii 

1985 CAGAAGGAAATAGGGTAAGAATAATACCTACTTGATAGAATTAC 2028 

• * • . 

2437 GTGTGCTGTGTCTCAGACTATCAOCCGTCATCAGG A T G TCTCICC 1 1 LI I 2486 

Ml I I III I I II I I II 
2029 . . .TGCAAGGATTTACAATAACATAC^IATAACATACAAGTGAAGTGCTTG 2075 

• » • • . 
2487 TACTGTGGC TTITGCATGCACTTACACTGTACTTGACCCCTG^ 2536 

I III llll I I I III II I II 
2076 GCACAGGTGAAGTGCTGGCACATGCTCAGTAAATGTCAACT 2116 

• • • • . 
2537 GGTCTC7X^TGCrTTGTACTG G TT OC XX.'TCTTT ACC I I CA CCA . .TTCGC 2584 

i i ill I i nn in i n i m ii 

2117 . . T ATTTCT AGTAAT AG ACTGTTTCAGATAC T T GC I r TC riTAAGTGTCT 2164 
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I II II fill II II I I II I I I II 
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2635 TTACGCTGTACTGTA G TT GC TT AT1C1 11 C TGCCTTCTGCITCAGOGTGA 2684 
t II I I I I I I I I I I Ifllll 

2215 AAAACCTACATTATAAT TTTCCTTCAGGGGCTCAGGAGGCA 2255 

„ . • • • 
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II I I I I II II I III I II 
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M II I II I II III Mill Mil II II t 
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2783 CTCTGCTCTTATGAAACTTGCTTATTCTTGAAAACCTTCTGCATTTOCAT 2832 

I I I I I I I I I I I I II 
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2833 1 X' I IT CC IC IC T T C CAATTTATTCTCCATGTAACAGAGTA G T I I GGI 1 11 ' 2882 

I I II II III II II I Ml 

2406 GCATACACATCCATAAAAAAGCTATAXAGAAGTAAGCCTAATAAACTTGT 2455 

2883 TAAAATATCTGGTGATGTCAT TC TC T T GC T T A GAACACTA GC 1 1 CC 1 G 1 1 2932 

II II I I I I III I I II III I 
2456 AAATGGATGTTAT. TTTTAATTTGCATACTGGGAATTC 2492 
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